iiatachtesene 
paren rerels 


pat tp 
Se ome 


. 
‘ 
‘ ¥ 
i 
' 
> } - 


PROCEEDINGS 
OF THE 
NATICNAL SHELLFISHERIES ASSOCIATION 


Annual Meeting 


Atlantic City, New Jersey August 21-24, 1950 


5 


MOTTAIDOeeA caremeriiscne Iasorat.. 14 


Gees AS-IS semwA 


NATIONAL SHELLFISHERIGS ASSOCIATION 
1950 


Officers 


PresidenGier vac atveasicceveoesvvade Nelson Gowankoch 
Vice-President. eseesoeeoee#senveees eevames Be Engle 
Secretary... SO Rae NM mia ave lela eis’ gets Te Chestnut 


_ 


PSE Behe ue eee ott urea ca David H, Wallace 


Committees 
Nominating Committee 


Joseph Glancey, chairman 
Victor L. Loosanoff 


Resolutions Committee 


Thurlow C. Nelson, chairman 
David EH, Wallace 
Mee Che g taut 


Program Committee 


Paul S. Galtsoff, chairman 
if, G. Walton Smith 
James B,. Engle 


Committee to survey regulatory or legislative 
powers to control the introduction of non-indigenous 
Species of oysters. 


Paul S. Galtsoff, chairman 
James N. McConnell 
David H. Wallace 


worTatD aah eisauersauene a0 
“oser” 7. 
paeoltio 


saneacnsnanessnn 20QBE8 


dooknswoo Moalek ybaeases. 


elas . of eartbes s+ PHP ESROERAHF: 


ducdeed an Wee 
eost fe’ all bivad. SHA eee ere.” raaeseeceae tote 

ry 7 

rt 


aeat i immed 
ect immed gait samt mOt, 


annitads yeouald age! 
py otrecod al 


asotiads . enosiel «0 wot 
eoal lal. «if biw 
Jind esdO 4% 


-  .epd¢ temo aoe 


ametl Bf 9 etiosiisd oe ft 
Adind- ndgiaw <a 
Ce elgid »& aat 


sf Woe Rirtesgel rs enodelunet ‘yertus oF oedtimmo®? 
pwonegt bal «non to nolioubetini ody y Souter od auewod. 
Wie . eat “6ieyo 10 eeloeq® 


eeewe bars ,ttoss fat oe tit 
flennodalt it Pyser 7 
ai ars = ae 


; 


: 


t 
? 


TABLE OF CONTENTS 


Page 
Resolution eeceovoevoevev080e707e@070@@ 8 eevoeveeeoeeeveeeveeeeseeeeeeeeoeeeseeeee x 


Treasurer's report eeoeeoeeveeaeevpeveveeveeeveee ep eveeeeveeeveeeeeveeeeeesee esd ib 


Report of committee on Introduction of non-indigenous 
Species of oysters. P. S. Galtsoff, J. N. McConnell, 
David ‘gl Wallace @eeeveevevoeveveseevpe7ee @eeeveseevpeeeeeevoee eevee e 8 @ sie ie b 


On the functions of the mantle, gills and palps of the 
oyster with especial reference to their operation in 
turbid waters. Thurlow C. Nelson ecesccccesccvescvcce z 


Studies on the digestive system of the oyster. A. F. 
Chestnut eeevoevoevovev ee eeeevreeepepseevneeeesereeeeeveeeeeeeeeeeeee dual 


Variations in salinity and its relation to the Florida 
oyster. Robert Mi. Ingle and Charles E. Dawson .eeceee 16 


The condition of oysters as measured by the carbohydrate 
cysle, the condition factor and the per cent dry weight. 
James Be Engle eeeevcoeaovoevevneseeveovoeveeeeeeeeeeeeeeseseeeseeeve eee & 20 


Shellfish sanitation research program. C. B. Kelly .e«e. 26 


Observations on soft clam mortalities in Massachusetts. 
Osgood Re Smith eecovoeoeeoeveeveeeeoeseovueneeeeee280 @2eoe seen e8 e280 Sue 


The hard clam (quahaug) program. Louis D. Stringer .... 34 


Observations on the life history of the sea scallop and 
Zhi! fishery in Maine. Walter Rie Wee Figieieuw wisls) ele) eleieielelsieis 38 


Report on various tests on bottoms for oyster planting. 
William Hie Dumont @eseeevecseceaveveeeseeeee ese es teeeveeeeaeoveeves 42 


A brief report on the Texas oyster investigations. B. B. 


Baker eeoeoeeeseeeeovneaevevesee eevee veeesevese cv eeaeeeeeeeeeee 00 @ 50 


Recent observations on the season and pattern of oyster 
setting in the middle Chesapeake Bay. G. Francis Beaven 53 


Influence of seasoning and position of oyster shells on 
Gycuer Setting. Fred Ws Sieling .scssavcccasssenvetees OF 


The selection of food by the common oyster drill, Urosal- 
pinx cinerea, Say. Harold H. Haskin ceccevencsccccesse 62 


Some recent investigations of native bivalve larvae in 
New Jersey estuaries. Melbourne Romaine Carriker ..+.. 69 


Growth and setting of larvae of Venus mercenaria in re- 
lation to temperature. V. L. Loosanoff, W. S. Miller 
and Py B. Smith @eveeevo0eeeeveeeeoeeeeoeeseeeeeee0202008202 08 75 


a ‘TC Ceerrrereveerert cL ea eee enews oe ee Oe ee et Oe” alans 


i 
Vy 
hy 
iy 


2 nevaesd etonevd .9- .vad elaogexedy ofhbien edd m2 


ated adel cethaiifoc)s\- du bd abated sb, Path ks 


enorent bark non Yo moigovhorvinal ao aot tumog | 
eiloomoo 4 ut YPhoedied .2 oF serestohe ae 
i ee aos fa » 


ert) ie kale) Bre effts ,oftnant ed Yo ano toant 
ai noliateqo thet of adneTe te" falooqao ating 
Poise 8S ei nonfe. .o woltun? | aa 


wk yaeteyo edd to wefervs sviteents edt no 
maar 20 hf aaa lc pede 0: = 
BDigoly) etd of moltelor ett bane ystaliea. ati 
ebesvee MOBWAC .2 eoltedd Baa efant .t todo. 
esaiiydodias edi yd Se'tisaen aa athtays roi 
sSiniew yah dnee teq. ett Sra tofoast no lt {Broe end: 


oseee CHEER 48 20. wmatcorc doteeeed noliatinge 


<edd¢ehtonese al. cat3lioddom mate 108 tro ‘eft 


Pee ee oe a ee er or ae ar a 
esas TONRLaIe WC elucl ,satgoT (necerctarrip) | ef 


ins aoelises pea ot ‘to veoteald w12L eda no ord tf 
suas eve seaeevaweadhOl av ots <4 fay ~orlat at Tied ns 


encivaais tetsyo ‘tol amotiod no. ated ane 


eee eee ee ee ee ee ee a ee eo trom - 


“eh ,atoltenlteoval tadete taxel ed? no gt0qer 
eee Oe eb 


Relieve TO Mtetioy one hoveek edd. ne ano! tavete 


no etiede atazeyo to noid tsoq: hae natnonaee +9 ? 
ee eee ee ee a ee antlers wai bor’, sani tioe 38 


“Laeort ,iliah so? ero ‘comioo etd yd boot to notte 
eee ee. re ie mines lane Biloweil Tae yROTORES 


rat cyte ple ndy ei ‘1 Meee ta 
sooow THLtuad onfanoll. eximodfel sae bibrind yee" 


tot fil 4 ee we uparsosibasabd teal - Sy 


SDV we She neetenensesecnerte saan st en se 


RESOLUTION 


WHEREAS experience has shown that dangerous pests have 
in the past been introduced with the importation of foreign 
Shellfish; and 


WHEREAS these imported pests, freed from the natural curbs 
which hold them in check in their original home, have in sev- 
eral instances increased greatly in size and in abundance; and 


WHEREAS progress in the shellfish industry requires that 
research on non-indigenous species of shellfish continue with- 
out undue restriction; and 


WHEREAS action by individual states has already led to a 
diversity of laws, certain of which prevent the importation of 
non-indigenous shellfish for scientific study, while inaction 
by neighboring states leaves the industry vulnerable: There- 
fore be it 


RESOLVED, That the National Shellfisheries Association in 
convention assembled recognizes the grave potential dangers to 
the industry of importation of such pests; and be it 


RESOLVED further, That this Association urgently requests 
the Atlantic States and Gulf States Marine Fisheries Commission 
and Pacific Marine Fisheries Commission to undertake promptly 
a study of the problem to the end that appropriate action may 
be taken in all of the shellfish producing states to afford 
maximum protection to the industry, while leaving competent 
research laboratories free to continue such studies on non- 
indigenous species as may hold promise of yielding desirable 
results. 


Thurlow C. Nelson, Chairman 


David H. Wallacee 


A. *. Chestnut 


Unanimously adopted at the Joint Annual Convention of The 
Oyster Growers « Dealers Association, The Oyster Institute, and 
the National Shellfisheries Association, in Atlantic City, New 
Jersey, on August 24, 1950. 


‘Dre yetodt tient tateyo at? 


oven atseq evotognah godt nwodh wba oonelnegxe &i 
#glotol to nolsadtoqmd edd. nd tw Doonborsal need. 


adtue Lewwien ed? mont baeert «®2@ecr Bettogm! eveds CAR 
wvee Ai over ,emod Lantatto aleid at xvoers af neds DF 
Baas :esnebavde al. dae este at titrem Deeeerset seonad 


¢adt conluper vetenbal Aertel one eg 


if mi eeetaom BARs 
“itiw oorltnas isttifedé to rai sexe svyorenltbafer 
Sita gnoltoiatees @ 


B03 bel yhaosla aan wedtaie lvytSal wd noltor CORN Ht 2 
10 Moliadrogm! edt 3nevew aoity %, Mlainos ,awel th we 
Holiaent eltdw sebute olTitnatoe 701 deltifleds esuchent 
Ko 1eis teldatenfuy Yiseubel alt eevael getdate aaltoddial 
aT ee 
“iE lanolted add JedT .cHVZORR 
is sosiapooes—beldcezes mone 
ue 10 Holjsirogal to videee 


= 
x 23 


af nolsiatounsaA eoltarnelt 
O2 eteniabh L[elinedon eva 


Sisoupet YiIneare goliatvoaad elad godt Todt CAVA 
nolenioned eetgedslT antasi « 


> S Lie Boa aeiad? eitase 
Yisanotq edasrohar of ootactomos Selzeiald antinnt $29) 
Ven nolson etalygoudos tert Bre oy OF nelidetg art te 


+ 


HroXte od @otede anion wy rteltifoade ed? to Ila al a 
Bnvtoqmoo pntvacl of fd eUtIaubms add ot Koltosovong, 
“HON MO BOLOUIe dons euntinos oF 9e%% Belvotatodel 
oltieti seb HetaLlely tc astmom blod Yaa 88 Roloodn meg 


ae | 
fami, fait aMtor fest .0) wr) Cut? 
eeenifay’ .. blvad 


Pandeots 4 oh 


edT to aoliaevaed Tein) tate eda ts hetcoba 


pots stopaga etolaeGg 


TREASURER'S REPORT 
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INTRODUCTION OF NON INDIGENOUS SPECIES OF OYSTERS 


Report of the Committee submitted to the National Shellfish- 
eries Association at the Annual Convention, August 22-24, 1950, 
at Atlantic City 


Introduction of any foreign plant or animal presents a 
Serious problem which requires careful study and consideration 
before final, and frequently irrevocable, action is taken. 


It is true that there are many useful plants and animals 
which were introduced from foreign countries. Their cultiva- 
tion and propagation materially contributed to the progress 
of American agriculture. Yet it is equally true that many unde- 
sirable pests were unwittingly brought in to our continent, or 
were introduced with the valuable plants and animals as their 
parasites or commensals. Suffice to mention the water hyacinth, 
the spread of which, in the rivers and ponds of the southern 
states, interferes with navigation and fishing, and the Euro- 
pean carp which proved troublesome and undesirable in the Ameri- 
can habitat, while in Europe the fish is highly esteemed for 
its meat, and is extensively propagated in ponds. The combat 
of any pest presents great difficulties, for control operations 
are, aS a rule, expensive and frequently ineffective. 


The difficulties arising from the introduction of a non 
indigenous species are many. The introduced organism may com- 
pete with the native forms, and in a course of years, may re- 
place them. An exampie of such a case is the introduction of 
the Fortuguese oyster, Gryphaea angulata,to the Atlantic coast 
of southern France where it gradually replaced the native, and 
more desirable, Ostrea edulis. 


Various pests and destructive enemies of native fauna and 
flora may be introduced with the foreign species. The spread 
of slipper shell, Crepidula, on the West Coast of this country 
and in Europe, the introduction of oyster drill, Urosalpinx 
cinerea, in England and Europe, and the spread of the Japanese 
conch, Tritonalia japonica, in the state of Washington are well- 
known examples of this situation. 


Species which, in its native country is harmless, may be- 
come highly destructive in a new environment where its propa- 
gation is not checked by natural enemies. Examples of such 
cases are numerous. The most spectacular ones are the spread 
of the giant land snail, Achatina fulica, a native species of 
East Africa which, more than a hundred years ago, was intro- 
duced to some of the islands of the South Pacific, and in re- 
cent years, has spread through the Dutch East Indies, Phillip- 
pines, iuariannas, and Caroline Islands, and through mail ship- 
ment reached Hawaii in 1938. Vast destruction of vegetables 
and decorative plants marked the spread of this voracious snail. 
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planting of oysters from other areas whenever, in the opinion 
of a state official in charge of fisheries, such importation 
might be harmvul. 


The States of Maine, New Hampshire, Massachusetts, Rhode 
Island, Pennsylvania, Delaware, Georgia, and hississippi have 
no laws restricting or regulating, in any way, the importation 
and planting of foreign shellfish. 


Among the Federal Laws relating to the protection of 
wildlife, the so-called Lacey Act (May 25, 1900, 31 Stat. 187- 
18 U.S.C. 395), authorizes the Secretary of Agriculture to 
regulate the “introduction of foreign birds or animals" in 
localities where they have not heretofore existed. With ref- 
erence to the words "birds or animals", the meaning of the 
phraseology of the Lacey Act has not been extended to include 
fish or any .quatic invertebrate. 


The U. S. Public Health Service exercises supervision 
over the importation of species of mollusks which might be con- 
cerned with the transmission of human disease. This refers 
primarily to the exotic species of fresh water snails some of 
which are known to be intermediate hosts of Trematodes. 


According to the incomplete information the Committee was 
able to procure, at present, foreign species of oysters and 
clams have been introduced in the following localities: A 
few bushels of seed of the Japanese oyster, O. sigas, were ~ 
planted in Barnstable Bay on Cape Cod by the Woods Hole Oceano- 
graphic Institution. The oysters are growing very rapidly and 
have reached six inches in length. A small number of the Euro- 
pean oyster, Ostrea edulis, was planted by V. 4. Loosanoff in 
liaine waters and attempts were made, by private persons, to 
introduce some of the Pacific clams including the giant Geoduck 
clam into Maine waters. 


In the past, plantings of the Japanese oyster were attempted, 
on a small scale, in Louisiana, Alabama, and North Carolina. 
So far, the Japanese. oyster has not established itself in the 
Atlantic and Gulf waters, and there is no evidence that Japa- 
nese conch, or other enemies associated with the Japanese oys- 
ter beds, were brought to this coast. 


Continuous attempts to plant Japanese or other foreign 
species of oysters in the coastal areas of the Atlantic and 
Gulf States may eventually result in the establishment of for- 
eign shellfish in these waters and the displacement of the na- 
tive eastern oyster. In view of the serious consequences to 
the oyster industry that may result in a haphazard introduc- 
tion of exotic species, we propose that a committee be appointed 
to study the problem from various angles. We further propose 
that the National Shellfisheries Association place itself on 
record as having recommended the adoption, by all Atlantic and 
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Gulf States, an uniform legislation for the control of the im- 
portation and planting of non indigenous shellfish in the waters 
under their respective jurisdiction. 


Respectfully submitted, 


James N. McConnell, Member 


David H. Wallace, Member 


Paul S. Galtsoff, Chairman 
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"On the functions of the mantle, gills, and palps in 
feeding of the oyster with especial reference to 
their operation in turbid waters." 


Thurlow C. Nelson, Ph.D., D.Sc., 


Professor of Zoology, Rutgers University. 
Biologist, New Jersey Division of 
Shellfisheries, State Dept. of Con- 
servation and Economic Development. 


A problem which has interested both the practical oyster 
grower and the scientist for many years is whether oysters are 
able to feed in muddy waters or in the presence of high con- 
centrations of food organisms. Time will not permit a review 
of the conclusions presented during the past 34 years since 
the famous controversy between the late Doctors Grave and Kel- 
logge in 1916. 


From the position taken by these two outstanding zoolo- 
gists one is forced to conclude that oysters will starve to 
death in water heavily charged with food organisms or with 
dirt. In 1921, however, 1 showed that oysters would continue 
to feed in water bearing as high as 0.4 gram, dry weight, of 
suspended matter per liter, which over most of the oyster's 
range in America would be classed as muddy water. In 1925 I 
published a summary of our observations on feeding of the oys- 
ter under natural conditions to date in which it is concluded: 
"4, The rate of filtration of water during any given period 
of time, as deduced by the rapidity and extent of ejections of 
accumulated sediment from the mantle cavity, may vary widely 
independently of the temperature and the turbidity of the water." 


"5. Oysters do not necessarily feed at all times when wa- 
ter containing food particles is passing over the gills. Rela- 
tively little food is taken on the ebb tide and during the lat- 
ter part of the night and early morning.” 


The issue was again brought to the fore in 1947 by the 
work of Loosanoff and Engle who in supporting the conclusions 
of Kellogg '15 and '16 showed the harmful effects of heavy con- 
centrations of food organisms. Since these authors further 
proved that clear filtrates from the cultures of such food 
organisms likewise caused reduction or stoppage of feeding, 
it is highly probable that their results were due to excre- 
tions from these food organisms which the oysters found objec- 
tionable. The role of such excretions of "external metabolites" 
in the economy of the sea has been ably dealt with by Lucas, 

C. E. '47. The difficulties experienced in growing and fatten- 
ing oysters in Great South Bay in recent years may well be due 
to similar excretions by the algal "small form" which occurs 
there at times so abundantly. 
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It is sufficient to state here that oysters can feed in 
nature in waters so muddy that a white saucer disappears 8 in- 
ches below the surface, and in concentrations of organisms in 
excess of two million in a quart of water during a heavy swarm. 
ing of dinoflagellates; microscopic algae which are of great 
importance as food of oysters. Failure of oysters to feed and 
their final death in the presence of high concentrations of or- 
ganisms in the laboratory is due probably to accumulation of 
their excretions, or so-called “external metabolites," in the 
water. The important point for us is that oysters will continue 
to feed actively in the densest populations of organisms which 
occur in nature provided these are not in themselves poisonous, 
as in the case of the red tide off the Florida Coast and else- 
where. 


IF YOU ERE AN OYSTER 


Our problem today is to show how the oyster is able to 
continue feeding in spite of high turbidity or in the presence 
of a superabundance of food organisms. ‘Will you, during the 
next quarter of an hour extend your imagination to the utmost 
and will each of you picture yourself as an oyster. You live 
in an atmosphere of continuous dust storms often of great in- 
tensity. Your food floats in the air about you and to obtain 
it nature has given you four pairs of hands extending almost 
the full length of your body and with fingers about two feet 
long. The tips of your fingers are joined, while along each 
finger there run three groups of little whips or cilia. One 
group lying on the outside of the finger pushes materials down- 
ward toward the tips. The second group are long and project 
Sideways toward the finger on either side. They act like teeth 
of a comb to strain out the food and dirt. The third group of 
whips, very powerful, lie half way around on the sides of each 
finger. Their beat draws air between the fingers and expels 
it between your legs. 


This essentially is the picture we see in the early oys- 
ter spat with but one pair of "hands," the half gill, having 
eight pairs of "fingers," the fill filaments. Hold your hands 
in front of you, finger tips joined, and picture to yourself 
the three groups of cilia in operation. Add to these cilia 
rows of mucus or slime glands which entangle the dirt and food 
in strings and carry them along by the beating of the cilia. 
Also imagine a thin strand of flesh connecting the fused tips 
of each pair of fingers with the pair on either side. Air is 
passing through between your fingers, the materials strained 
out are entangled in mucus and driven toward the finger tips 
by the beat of the cilia on the outside of each finger. On 
reaching the tips the strings are carried forward to your mouth 
by strong cilia on the fused tips. 
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HOW THE OYSTER FEEDS 


As the material collected from the water passes over the 
finger-like gill filaments as they are called in the oyster, 
more mucus is secreted about it depending on its nature. Dirt 
or other irritating substance evokes much mucus secretion hence 
by the time it reaches the lips or palps as they are called 
it has become so bulky that the palps reject it. Food organisms 
on the contrary, stimulate little secretion of mucus hence be- 
ing of smaller bulk on reaching the palps are accepted and 
passed through the mouth into the stomache The separation 
is by no means perfect, considerable sand and dirt are accepted 
and passed into the stomach where they undergo still further 
Separation in the manner to be described in a few moments by 
Dr. Chestnut. Considerable numbers of food organisms, on the 
other hand, are rejected along with the dirt and are expelled 
out onto the surrounding oyster bed. 


Numerous scientists on finding fresh living algae and 
other forms eliminated from oysters have concluded that they 
could not be digested and hence were of no value as food to 
the oyster. One could with equal inaccuracy conclude from the 
whole grains of corn passed by man and by domestic animals 
that corn has no food value for them. Mature oyster larvae 
make the journey through the digestive tract of adult oysters 
emerging unharmed. There is some evidence that the good sets 
often observed on the shells of oysters and adjacent bottom 
may in part be due to just such “wayward children" pulled down 
from the overlying waters and given a trip through the parental 
eut after which experience they wander no more but promptly set! 


Living food organisms entangled in mucus emerging from 
the gut of the oyster or rejected from the palps on being 
thrown out onto the bottom find conditions suitable and continue 
to reproduce, forming additional food right on the bottom. As 
a result a barren bottom planted with oysters rapidly gains in 
food resources, worms and many other brackish water animals 
move in to feed on the bountiful "crumbs" that are continually 
falling from the oysters! "table" as it were. What fisherman 
has not learned of the superior fishing on an oyster bed and 
how quickly this deteriorates after the oysters are harvested 
from the ground. As applied to the oyster itself this food 
rejected along with the dirt fulfills in abundant measure the 
biblical assurance: "Cast your bread upon the water and it 
shall return to you many fold." 


Slides were shown to illustrate the development from the 
simple single half gill of the early spat in which the gill fila- 
ments are joined to each other only at the tips, to the four 
half gills or demibranchs of the adult oyster. As development 
proceeds the filaments become joined to each other along their 
entire length leaving only minute pores, the ostia, as openings 
between them through which water passes into the interior of 
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the gill. These pores are surrounded by a thin, blood filled 
membrane which like the diaphragm of a camera can be enlarged 

or constricted to vary the size of the opening enclosed within 
it. 


Within the gill are vertical blood vessels adjacent to each 
principal filament. These vessels pulsate driving the blood 
through them thus serving as accessory hearts. iihen touched 
even by small particles passing through the ostia the vessels 
contract more strongly forcing blood out into the membrane sur- 
rounding each ostium and causing the opening to be constricted. 
At the same time the gill filaments roll more closely together 
as one might depress an accordion. This brings the straining 
cilia at the edges of the filaments into closer contact, thus 
straining out the varticles which were formerly passing through. 


An oyster, from which one shell has been carefully removed 
and kept for several days in clear water, will illustrate this 
very clearly. Fine powder such as starch, carmine, or minute 
food organisms applied to the surface of the gill will pass 
through into the interior. After a few moments the ostia are 
seen to close partially, while the gill filaments are rolled 
closer together, accordion-like, thus bringing their straining 
cilia into proximity. Now the materials no longer pass through 
the ostia but are caught on the gills and carried toward the 
mouth. 


One further feature of the gill must be described before 
its function in turbid waters can be understood. In the depth 
of the groove between each pair of folds lies a larger or prin- 
cipal filament. On this filament the cilia of the frontal area 
beat toward the base of the filament, not toward its tip. Ma- 
terials gathered by the principal filaments pass into a food 
collecting furrow at the base of the gill in which they are 
carried toward the mouth. Such food strings reach the palp 
high up near its base and hence have a much better chance of 
reaching the stomach, 


The structure and operation of the inner faces of the 
palps are very complex and tine will not permit us to consider 
the details here. In brief the surface represents a series of 
deep grooves between folds running at right angles to the long 
axis of the palp. Folds and grooves are heavily ciliated and 
supplied with mucus glands. Food organisms which evoke little 
mucus secretion are passed from ridge to ridge until they fi- 
nally reach the mouth. Dirt and objectionable material if not 
pushed off from the gills soon acquire such bulk in their pas- 
Sage between the palps that they are consigned to outgoing 
ciliary currents and so are passed to the lower palp margin 
and rejected. liuch more selection takes place’on the palps 
of the Portuguese oyster, Crassostrea angulata, than on those 
of the European oyster, Ostrea edulis, as illustrated by their 
great difference in size. 
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Ostrea edulis, feeds very largely with its principal fila- 
ments, hence it 18 at a decided disadvantage in turbid waters. 
The conclusion in 1926 of Professor C. i. Yonge now of Glasgow 
University, Scotland, that oysters feed with maximum efficiency 
when the water is relatively clear is certainly true of the 
European oyster on which he made his outstanding studies. Ten 
years later, Yonge '36, he published the most exhaustive study 
yet to appear on the adjustments which have been made by bivalve 
molluses to increased turbidity in the environment. This study, 
"The evolution of the swimming habit in the Lamellibranchia," 
presents strong evidence that the swimming habit of such bi- 
valves as the scallop, Pecten, arose through greater develop- 
ment of the muscular mechanisms for driving accumulated mud 
from the gill chamber of the mollusc. liy paper of '38 confirmed 
and extended his findings as related to three species of oyster, 
European, American (virginica) and Portuguese. 


American oysters grown in clear waters may also suffer 
considerable mortality when moved to waters of higher turbidity. 
A bushel of oysters from the very clear waters of Gardiner's 
Bay, Long Island, transplanted to the formerly highly turbid 
waters by our Cape May Laboratory on Delaware Bay several years 
ago suffered approximately a 50 per cent mortality within a 
month. In each oyster examined after death the gills were 
literally choked with mud. The oysters were in trays above 
the bottom and beside them were native Cape May oysters grow- 
ing actively, putting on new shell and fattening up with stored 
glycogen. After approxiviately a month the surviving Gardiner's 
Bay oysters also began to grow and fatten. 


Analysed biologically this simple experizent illustrates 
the fact that in any particular environment, muddy water for 
example, oysters found there are those which have been selected 
by nature through their ability to adapt themselves to the con- 
ditions and to survive. Moved to a new and different environ- 
ment, they are at first at a disadvantage. Those which are 
able to adapt themselves to the changed conditions do so; the 
others eventually die. The same is true when conditions in an 
oyster producing area change* as they did in Barnegat Bay, New 


*This footnote is added in December following the great 
storm of November 25, 1950. Heavy losses of oysters were suf- 
fered in the Long Island Sound area as a result of this storm. 
In a letter dated December 27 Dr. Loosanoff states: 


"However, the effect of the storm on the oysters that sur- 
vived is still very obvious." (Note more than a month later) 
"Apparently the beating they took resulted in a great loss of 
their vitality..." "The oysters brought to the laboratory after 
the storm showed poor growth, lack of feeding, etc." In view 
of the relative clearness of Long Island Sound waters in normal 
times and the effect of moving Gardner's Bay oysters to Delaware 
Bay, it would be of interest to determine whether the harmful 
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effects observed might have been due at least in part to un- 
usually high turbidities generated by the storm. Great numbers 
of oysters are reported to have been buried; those which were 
not covered must still have had a tough fight against high tur- 
bidities for which they were unprepared either through environ- 


mental selection or through heredity. un 


Jersey, during the nineteen thirties, and as conditions now 
seem to be changing in Great South Bay, Long Island. Experi- 
ence shows that younger oysters are better able to adapt to 
such changes than older ones and they make such adjustments 
more rapidly. Our own observations indicate that oysters up 
to two years of age ere more adaptable than those of greater 
age. 

Some conclusions which the practical oyster grower can 
draw from the above are as follows: 


(1). In general move oysters when they are as young as 
can safely be transplanted. Dr. Chestnut and I had excellent 
success moving the dense sets of the Cape May shores of Dela- 
ware Bay within ten days after attachment. Proof of this suc- 
cess is shown in an exhibit in the adjacent room. ‘/here the 
set is so heavy that some of the young oysters are eliminated 
by their neighbors it follows that in general those which sur- 
vive are those best suited to that area. If one waits until 
this elimination has occurred on the setting grounds the sur- 
vivors are those best suited to that environment, which may be 
quite different from the conditions prevailing on the growing 
grounds: where your oysters are matured. 


(2). Keep more and better records, and in a book, not 
in your head. Every scientist called in to investigate possi- 
ble causes of mortality of oysters has been forced to start 
almost or quite from zero in so far as the previous history of 
those oysters is concerned. He is dependent solely upon the 
memory of the planter and of his associates. Do not misunder- 
stand me; in my experience of some 40 years I have found that 
most oyster growers are keen observers with good memories. 
Often they have pointed out to me things which I have over- 
looked. But memories are not infallible; keep a good log book 
in your own plant and see that every boat captain keeps one 
too, and up to date with notes written at the time or as soon 
as possible thereafter. Good detailed logs kept by clear 
Sighted careful observers could soon become a gold mine of in- 
formation to the scientists upon whom you must ultimately de- 
pend when things go wrong. 


Make a turbidity disc; a small dinner plate or large sau- 
cer will do, lowered on a calibrated line till it just disap- 
pears; then note the depth on the line. Better, get the shop 
to cut you an 8 inch circle of sheet iron or copper and paint 
it in alternate quadrants of black and white, fasten a weight 
below it, a line calibrated in feet above it. Lower it from 
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the sunny side of the boat, note the depth at which it dis- 
appears. Record this together with the hour, clearness of 
the sky, roughness of the water. 


Collect salinity samples especially at high and at low 
water and during times of excessive dry or wet weather, Crdi- 
nary pop bottles can be used if fitted with good tight stoppers 
and delivered promptly for analysis. Most of the maritime states 
now have marine laboratories the staffs of which will be glad 
to assist you. Remember, you are many, you are out on the 
grounds at all seasons and in all weathers. You are in 2 posi- 
tion to obtain much information of value to your scientific 
friends as well as to yourself. 


(3). Keep accurate records of the volume of shucked 
oysters obtained from the various beds from year to year. Keep 
track of unusual storms and note whether volume falls off there- 
after. Be sure to take salinity samples as soon as possible 
after such storms, for frequently they are accompanied by 
greater ingress of sea water which shrinks the oysters through 
withdrawal of water from their meats. If you are using some 
muddy bottoms, watch carefully for signs of mudding of the 
oysters and determine the sdvisable duration of time to leave 
them on such bottoms. Cften early marked improvement of oys- 
ters from superior food conditions here may be obliterated 
through subsequent interference with feeding as the oysters 
sink into the mud. 


(4). Finally, muddy water in itself is usually not harm- 
ful to oysters provided it does not deposit mud in too larse 
amounts or too rapidly about the oysters. ‘When md rises 
above the bills of the oysters in such quantities as to inter- 
fere with feeding, or when by cutting off oxygen it produces 
large amounts of hydrogen sulphide, oysters may be suffocated, 
as in the severe Polydora or mudworm invasion of Maurice River 
Cove in the mid thirties. 


hud often contains much that is of value to the oyster. 
When mixed with sand it prevents it from shifting, binding it 
together to form some of our best oyster bottoms. Chemical 
and biological chanses going on in mud, similar in many ways 
to those in the soil of a good farm, produce much of the food 
responsible for some of our oysters of most distinctive flavor. 


Dr. Caswell Grave '12 in his "Manual of Oyster Culture in 
Maryland," a work which deserves reading and rereading by every 
research worker on oysters, was one of the first to emphasize 
the importance of the bottom to the food of oysters. Twenty- 
four pages of this excellent report are devoted to the food of 
the oyster and the factors “avoring its increase or decrease, 
with emphasis upon the bottom. He attributes the superior fla- 
vor of Lynn Haven oysters to the nature of its muddy bottom. 

In 1921 we reemphasized the importance of bottom diatoms to 
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the food of the oyster estimating as many as 52 million diatoms 
on the shells of a single oyster 4 x 3 inches in size. In 1947 
we again stressed the importance of the bottom showing the 
heavy films of diatoms occurring on the Cape May flats. 


The great majority of studies carried on in oyster bear- 
ing areas have dealt with the water flowing over the beds, 
These studies are important, and we could ill afford any de- 
crease in their number. Rather do we need considerably more 
of such investigations. Of equal importance, however, are 
companion studies of the bottom, of the contributions to it 
from the land, from the sea and from the animals and plants 
which live thereon. Dr. ZoBell in his most valuable book on 
"Marine Microbiology," 1946, devotes two of the 18 chapters 
to bottom deposits and to the activities of the microorganisms 
contained therein, It is a splendid beginning, but we need 
far more research in this field. In our knowledge of this all 
important problem we are about where the farmer was a half cen- 
tury ago, but as he and the world at large have reaped vast 
benefits from the researches in soil science, so may you and 
we gain much in the future as we learn more about the relation 
of the oyster to the grounds on which it lies. 


‘bei ‘wedcieae a ee 
ay of tt f ior by aectont’ £ i | ~ 
erld natwode god tod ‘ery "he ovrunds 

eh leit bat ana ena so Bal amweeo | 


iil wtsod tedeye a me Bela’ eolbude Yo) strobe 
ssbed ont a600. gui wolt tetaw ‘ert? tg 
#8. Bhs Pi iL vista sv = we 


ednelg bos efentas oda ae’ bor Bes a “movk ‘bit 
Ho aAood eideviey Jeom aid at {fefos +t 

eresqedo OL exit to. ow? eetoveb geet Ps sarod 
enetne@atoordic edi to selilvidosm edd at bas etleogeD 
Beer ew Jud paLaained Hbibuetqe a et tI ‘enteted? 
Efe aint to enbelwor: myo al eblett afd? at corset 
aed Ifet 5 ase tects? ofd esedw duods ets ew mofo 
jeay beqaes evar opted ja Bidow oid Bae ot es sd 
Boe wer Yet oc .voneltos LLoe al eetoweest add. 
Biss eal edd fuoda etom aunen ow no eatutel edt mt do 
etoll sf doldw ao ebugoty edz o2 ted 


References Cited 


Chestnut, A. F. 

(Unpublished) "Studies on the digestive processes 
in Cstrea virginica." Thesis submitted to the 
Graduate Faculty of Rutgers University in partial 
fulfillment of the requirements for the degree of 
Doctor of Philosophy. pp. 89 (typewritten), 16 © 
figs. Rutgers University Library, New Brunswick, 
N. die 


Grave, C. 
1912, “A manual of oyster culture in Maryland," Fourth 
Report of Board of Shellfish Commissioners of Mary- 
land, 


1916, "The process of feeding in the oyster." Science 
44: 178-181. 


Kellogg, J. Le 
1915. "Ciliary mechanisms of lamellibranchs with descrip- 
tions of anatomy." Journal of Morphology 26: 625= 
701. 


1916. “Opinions on some ciliary activities." Science 
44: 852-855, 


Loosanoff, V. L. and J. B. Engle. 
1947, "Effect of different concentrations of microorgan- 
isms on the feeding of oysters." Fishery Bulletin 
42, U. S. Fish and Wildlife Service. 51: 51-57. 


Lucas, C. E. 
1947. "The ecological effects of external metabolites." 
Biological Reviews 22: 270-295. (Great Britain) 


Nelson, T. Ce 
1921. Report of the Dept. of Biology, N. J. Agr. Expt. 
Sta. for 1920: 319-549, 5 pl. 


1923, “On the feeding habits of oysters." Proc. Soc, 
Experimental Biology and Medicine 21: 90-91. 


1923. “The mechanism of feeding in the oyster." Proce 
Soc. Experimental Biology and Medicine 21: 166-168, 


1938. “The feeding mechanism of the oystere 1. On the 
pallium and the branchial chambers of Ostrea vir- 
ginica, Cedulis, and O. angulata, with comparisons 
with other species of the genus." Journal of Mor: h- 
ology 65: 1-61, 21 figs. 


easoon evideeald etd ao egtbuta Sedétt 

i ed? of Host hudye afeced? " 24 

Ne ae aee ai ydlevevinl ete son to viivost oy 
Ae ii pod ‘edd tat etremertupet ett. to, oT siterias ji 

KC ners Lowoqyd) 28 wox etdqosoltdt to toso0T | 

| glodwenwsa wet .~iand it XFEnay av ered uit or 


cdeavot ".Snefyiall at ead luo neieyo 0 Ieunem ao 
“asa te wkenat esfeued sorts tone to ag to po 


* 


@onelo® "“.xodeyo add at aatbest to eaes0% eit” 
elf leHVE oo] 


 Unghgeet djiw edoneatifemal to smesaedoen pansttee 
ua 98 8 2s ‘YaeLorigntont to feniot. "._motaae Io enokd 
et 

poneios ",nettiviteos yitalite emer ao onolatao” " 25d 
828-888: 585. 


; pelget «Gh 4b Bae ot oV ; 
ieaseo-tote to eolsatdneonoo g¢neteliih to toettZ” 
Giteline yisistt “,oveteyo 10 guibeel ons so amet 

evael& £2 ,ootvree erlipitw baa deft «2 .U ,&d 


. 


Pe 
* eoti Lodad om fearedxe to etoette Leotgzolooe eT" ~ .Vi 
» (ated 246 dae) .G@S-O0TS 8S ewelvor faotgofota ie 


, ed .D ) 
wiGe® .tyA .t eakene to eae odd ‘to sroget «LS. 
\ «fc & ,@bb-OL6 sOS0L tot sata 


9902 .00%% "Letodexe rt edided anfbost edd m0” 
of@-08 :f£2 ontoltbo bus yaofold fadnembteqna — 


 gpotd "Vaedeyo ert? nt gatbeot to meinatoem eft? 
“qB8EOAL 218 ontotde ban vaolotd fataentreqal «998 


Ag AO LE stedeyo odd 20 matnadodie'ga bug? edit” - 
ad, paeise 20 exednedo Ietdonatd edt bar mob leg 
o GAGA raiaeD cht iw pataiuane « «2 Dee . 

wl: om on oneetmald ens al¢ to seloode weado & 


ae Va ee et 388 sae 


1 
tar 


Nelson, T. C, 


1947, 


Yonge, C. M. 
19266 


1936, 


"Some contributions from the land in determining 
conditions of life in the sea." Ecological Mono- 
graphs. 17: 3557-346, 7 figs. 


"Structure and physiology of feeding and digestion 
in Ostrea edulis." Journal Marine Biological Asso- 
ciation of the United Kingdom. 14: 295-386, 42 
figs. 


"The evolution of the swimming habit in the lamelli- 
branchia.": Memoirs of the Museum of Natural History 
of Belgium, 2nd Series, Vol. 5. Paul Pelseneer 
Memorial Volume: 177-100, 10 figs. 


10 


basen ai nt 
“Broth inofgosood 


' ditsbauen bre pared Yo: raofoteyia bane oud 
“ea ofeih ealaat Lannuyol 


eO0E-O88 :bt  amobye tu betin “ead ote 


aninmiws edd to withgeete ean 

soteat Prete ‘to meetul ort to ettomel “setdonssd — 
 tosnoetet ced.) ot afov goelted Sas: qiwty Leu to. 
etytt OL OOLety tomo rattonell 


Studies on the digestive system of the oyster. 
A. F. Chestnut 


Institute of Fisheries Research 
University of North Carolina 
Morehead City, North Carolina 


Many papers presented at the annual National Shellfish- 
eries Association during the 1930's were on the-role of oysters 
in human nutrition. These papers by Drs. Pease, Remington, 
Coulson, “hipple and others discussed vitamin values, iodine 
content, oysters and anemia and nutritional values. One result 
of these studies was applied in advertising to promote greater 
sales of oysters. 


Since 1942 a number of papers have been presented at the 
annual meetings on the basic problem of the oysters' nutrition 
or "what do oysters eat?". Oyster growers and shucking house 
operators are well aware of the fluctuations that occur in a 
single season and from year to year in the yield of oyster 
meats per bushel measure. Some years the yield from the same 
locality may be as low as 4 pints of meats per bushel and in 
other seasons the yield may be as high as 9 or 10 pints per 
bushel. 


During the past fifty years many scientific studies in 
this country and abroad have shown that the chemical and phy- 
Sical environment closely associated with the food or plankton 
in the water may exert a great influence on the condition and 
yield of meats. The literature is too voluminous to review 
in this brief discussion but various theories have resulted 
from the studies on the nature of the food of oysters and 
other lamellibranchs. Some investigators have concluded that 
oysters feed exclusively on plant-like organisms; others be- 
lieve that animal forms are utilized as readily as plant forms; 
and still others maintain that living forms play a minor role 
in contributing to the actual food supply. 


The original intent of this study was to follow the diges- 
tion of various foodstuffs by the oyster and thus determine 
the process involved in increasing the yield of meat. In the 
course of study it was found that descriptions of the internal 
anatomy of Ostrea virginica were lacking and needed to under- 
stand the processes of feeding. The internal anatomy was found 
to differ from that described for the European oyster (Ostrea 
edulis) by Yonge (1926), for the Portuguese oyster (Ostrea 
angulata) by Leenhardt (19265) and for the Bombay oyster (Ostrea 
cucullata) by Awati (1931). This is not surprising for other 
investigators have shown differences in the gross anatomy in 
the gills and other structures, in reproduction and in physio- 
logy between various species. (Orton, 1928, Elsey 1935, Nelson 
1938, Galtsoff 1932). 
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Description of Stomach: 


The sorting mechanism of the gills and palps has been de- 
scribed in the previous paper by Prof. Thurlow C. Nelson. The 
various food and other materials passing over the gills and 
palps enter the mouth and pass to the stomach through a rela- 
tively short oesophagus. At first glance the stomach appears 
to be without definite shape but gelatin casts show that sev- 
eral definite ridges are present. Seven openings are found 
leading into or from the stomach lumen. At the anterior end 
of the stomach is the opening of the ocesophagus and at the pos- 
terior end is the combined opening of the style sac and intest- 
ine. There are four openings connecting the stomach with the 
digestive diverticula, two in the antero-ventral region, one 
in the posterior half of the stomach on the lower left wall 
and the other nearly opposite on the lower right wall. At the 
anterior lower left corner of the stomach is the opening lead- 
ing to the food sorting caecum. 


The most conspicuous structure is the ridge or typhlosole 
along the floor of the stomach. The anterior end of the typhlo- 
sole passes into the food sorting caecum and the posterior end 
turns dorsally to enter the intestine. On the right wall are 
three ridges lying in a dorso-ventral position. These ridges 
end slightly below the mid-section of the right wall at a long- 
itudinal ridge which overhangs the posterior right duct, and 
continues anterior to form a transverse ridge under the oeso- 
phagus. On the left wall is one large convoluted ridge extend- 
ing from the roof of the stomach ventral to the mid-section of 
the left wall. 


The food sorting caecum is an outpocketing of the stomach 
originating at the left anterior portion of the stomach and ex- 
tends posteriorly between the mantle and stomach, then curves 
to the right under the floor of the stomach and continues in 
a coiled fashion to end under the stomach after describing one 
and one-quarter turns. 


An irregular, two-lobed translucent gastric shield is lo- 
cated along the dorsal portion of the left wall, extending to 
the dorsal surface of the stomach. In animals which have been 
actively pumping water, a crystalline style extends from the 
opening of the style sac and projects across the stomach to 
bear against the gastric shield. 


Course of Ciliary Paths in the Stomach: 


The stomach was laid open by dorsal, ventral and lateral 
cuts to determine the paths followed by the particles entering 
the stomach. Mixtures of carmine and various grades of car- 
borundum were used for inert materials and suspensions of algal 
cells (Navicula, Platymonas, Chlorella, zoospores of Ulva), and 
starch grains were used as food material, 
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Particles that enter the mouth are carried posteriorly 
along the oesophagus. At the inner edge of the oesophagus, 
near the stomach, the ciliary beat is changed and the particles 
are carried toward the left and come under the influence of the 
cilia of the large convoluted ridge of the left wall which beat 
dorsally toward the gastric shield. Heavy particles that may 
pass directly into the stomach from the oesophagus come under 
the influence of the cilia of the transverse ridge under the 
oesophagus end are carried toward the right wall where the cil- 
iary beat is toward the gastric shield. 


In the posterior half of the stomach the ciliary beat is 
posterior and ventrad so that particles are carried in two di- 
rections, toward the posterior right duct of the digestive di- 
verticula or end up in the ventral groove along the floor of 
the stomach and are carried into the intestine. 


The ciliary beat on the typhlosole or ridge on the floor 
of the stomach is anterior, carrying particles into the food 
sorting caecum. Along the right side of the ridge is a deep 
groove or furrow with powerful ciliary beat toward the poster- 
ior, carrying particles from the stomach into the intestine. 
Food is consolidated in the intestine and carried along to the 
rectum and anus. 


Heavy particles that enter the stomach cause much mucous 
to. be secreted and strings are formed that are generally swept 
across the weaker cillary paths by the beat of the stronger 
tracts. Perhaps the most powerful ciliary beat is that of the 
ventral groove. Another powerful force in changing the normal 
course that particles may follow is the crystalline style which 
twirls around as it projects across the stomach. Mucous strings 
are wound about the head of the style and particles are di- 
verted from their normal course. 


The role of phagocytes in feeding: 


Throughout the oyster, in the tissues, blood vessels, in 
the lumen of the stomach and intestine, on the gills and in the 
mucous masses are found numerous wandering phagocytic cells. 
The ability of these cells to ingest and digest various food- 
stuffs has been shown by Yonge (1926) in Ostrea edulis, and 
were investigated in these studies. Oysters were fed starch 
grains, algal cells and yeast cells, in vivo, and stomach con- 
tents were examined at hourly intervals to determine how rapidly 
the materials were ingested. iithin an hour diatoms and starch 
grains were found engulfed and plasmolysis of algal cells oc- 
curred within two hours. 


Studies in vitro showed that ingestion may occur within 
50 to 45 minutes. Complete disintegration of algal cells takes 
place within two and three hours. Empty diatom tests and reddish- 
brown granules, presumably the undigested residues, were fre- 
quently seen being egested by the phagocytic cells. Yeast cells 
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stained with Congo red showed a color change from red to purple 
indicating an increase in acidity within the cells. India ink, 
carmine and carbon particles were readily ingested and within 
an hour after ingestion the particles were passed out. 


Injections of food particles under the surface epithelium 
resulted in concentrations of phagocytes in the immediate area 
with many of the particles being ingested. Some particles were 
eventually seen passed out in the fecal strings. 


Digestive enzymes: 


Quantitative and qualitative studies were made of the hy- 
drolytic enzymes in various extracts. The extracts of the cry- 
stalline style contained strong amylytic enzymes that readily 
reduce starch to sugars. Lipolytic and proteolytic enzymes 
were found in the extracts of the digestice diverticula and in 
the mucous masses containing phagocytes. The stomach contents 
were found to contain only an amylytic activity. 


Summary: 


In the process of feeding a rigorous selection of parti- 
cles occurs on the gills and palps before they reach the mouth. 
Within the stomach an additional sorting may take place by cil- 
lary action, mucous secretion and within the food sorting caecum. 


In the living animal the paths that particles follow may 
vary considerably depending upon a number of variable factors. 
The amount of inert particles, concentration of food organisms, 
rate of mucous secretion and the influence of the crystalline 
style all have an effect upon course particles will follow. 


These studies described are far from complete, but they 
do suggest that the food of such forms as oysters med not be 
limited to plant or animal forms exclusively. Any organism, 
whether plant or animal or a constituent part, that is capable 
of being ingested and digested would be of importance in con- 
tributing to the food supply. 
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Variation in Salinity and Its Relation to the Florida Oyster 
PART ONE: 
Salinity Variations in Apalachicola Bay 


Robert M. Ingle and Charles E. Dawson, Jr. 
Marine Laboratory, Univ. of Miami, Fla. 


Several of the estuaries of Florida are not well protected. 
Water from the rivers many times enters the Gulf and Atlantic 
abruptly and without an opportunity to become uniformly mixed. 


Much of the present-day oyster industry of Florida is cen- 
tered in estuaries which do not provide a constant and uniform 
Salinity. Variations exist not only seasonally, but daily and 
tidally. 


Biologists and producers alike would be benefitted by a 
knowledge of the magnitude of variation which oysters can tol- 
erate in Florida's sub-tropical waters, and what degree of vari- 
ation can be considered optimal for reproduction, deposition 
of glycogen, maximum growth, etc. The present study was car- 
ried out to establish, if possible, the critical values for 
salinity variations as they affect oyster well-being. 


Procedure 


Salinity studies (by hydrometer) were made on a series of 
habitats ranging from the poorest to the best with regards to 
commercial production. Density was obtained for other stations 
frequently, and there were several sets of paired readings 
run on consecutive high and low tides. In some instances salin- 
ity tests were run on bottom and top samples hourly for a 24 
hour period. The studies were carried on for a period of eigh- 
teen months (February, 1949, to July, 1950). Where practical, 
frequent correlative glycogen studies were made on oysters 
from habitats under observation. 


Results 


AS was expected, substantial variations in salinity were 
observed seasonally and weekly. Surprising were the large vari- 
ations found intertidally and hourly in certain cases, 


Seasonal salinity variation (as standard deviation) and 
oyster condition are shown together with eighteen month ranges 
of salinity for various stations in Apalachicola Bay in Table I. 
Maximum weekly ranges of salinity for all stations and maximum 
ranges intertidally are presented, 


16 


Pi oe emma 
yad aLoptroptag’. 1 dnotiatnev yilakle 


Bee tb ,toewad 42 aol tedo: Sous efnnl sM.dredon . 
ERA tint BLE feet ‘to wall .yrotetodah eatast 


‘pedoedow thew fom ota abinol: to esitautes edd Yo Lex 
oideslis Oe ILv9 als axosinoe eomld yasm exevit edd) 
Hoxln yimtottan amooud oF thurtseqdio ms duoddiw bap 


wee st abltola Yo yrtenbal tof eyo yabh-tnoce sy oid to 
mroting Bae tasgtenos a efivory Jon oh doldw seitautae 
pao phteb tad qyifenosacs yino tom -dalxe eaaotsalasy) 
8 ed betdltened ed Siuow oflie ereovhoug See pielag, 
abot nas enedeyo doldy aoltisigey to obutiageam ed? “lo es 
efcay to ceaineb Jeiw hao ,etetaw feolcordedue a 'eblcolt oe 
' <gotateoqed qnottoubouet tot Lamiogo hotebtanoo ed mag, 
wiae sew ybuts tnecet, oT .o%6 diworwy etl yam ioe 
“eat eeulay faoldive uid ,oldlescg 22 gialidases od WH 

| euntod-ifow taveyo Yoults pods sa anoldattav ge 


‘$e eelesc 8 ao eham etow (1¢° omotbyd yi) selbute yttaks 
| ot sbanned adie teed et of ¢eenooq att moti yolanet oy 
. egmotiate *etto tot benietdo caw ytiened saoldouborg Lato 
Mi agdibee: Betleq to ctJoc Lateven exew sted? Dae qt 
‘| sntkee aeonadeal ence ni .cebid wol Dna dnid evidsoognoo 
Tae iN 88 8 tot ¥fswod Gofomec got bis motded no cut enow eGm 
. einige to boiaeq 2 age no Beinteo stow solide ent eho bteg 
gisottoatg omred efOdet .ylul ad -2aek ,ytectdet) edie 

} eiedeyo mo ebametew cefbuse meyooyly ovi¢sfo roe om 
can olteviesdo teban etad tim 


ailocor 
ar eer ran te met 


. ‘erow vtiniger a2 dtoltatiay foltnotedrs betoogxe’ enw! 
 mbiny agiel add anew gatetan re | viveer bea ehlahorses — 
whee APRs ge ab yeeros bae giiebliaedag, . 


i brs (notistvel beobunde ae) aottateev yttntteak Lenoeaed 
gegen ditaor needigte tatw vers ogo) erode eae cote thige, 
Who ee efdat ak wet alow eon eH a mut anaiinie, aroliay Ash a 
Pi) Memken baa ebolteds Tie not yeintlas he. 8 mark Mo 

JAR IEE HA TORRE Nae \dedivegeny ete YLlab ss 


Ra 


aL 


A summary of all data gathered is presented in Table lI. 


Discussion 


The oysters of Apalachicola Bay, from the standpoint of 
salinity variation, live in a rigorous habitat. During their 
development to marketable size they are exposed to a range of 
salinity extending from fresh water, or nearly so, to ten or 
more parts per thousand more than is found in ocean water. 


More frequent changes of salinity of substantial magnitude 
are endured. Tidally, variations of 8-10 parts per thousand 
are not uncommon. In one instance (Cat Point) a variation of 
15 ° foo was observed in an area of high productivity. 


Occasional weekly variations of approximately 25 ©/oo do 
not seem to interfere with the development to marketable size 
and quality. Indian Pass consistently had the best oysters of 
the Bay during the winter of 1949-1950, yet the average weekly 
salinity change for that station was 5.9 0/oo (Maximum 24.3 9/00). 


A correlation between magnitude of salinity change per 
unit of time and oyster quality (based upon glycogen and pro- 
duction) does not give conclusive results. Apparently, oysters 
in one habitat can stand a tidal variation of 10.6 °/oo as an 
average and still be of marketable quality (Indian Pass), This 
lack of correlation is also noticed in weekly and seasonal 
changes. 


There is some reason for believing that range of salinity 
variation may be a more critical factor for oyster production 
in Florida than the high temperatures they experience. Fast 
growing, high quality fave. gly. 3.5%) oysters are found con- 
sistently in commercial quantities 154 miles north of Miami 
in the Indian River. The daily temperature of the water in j 
that area during December, 1949, January, and February of 1950, 
averaged 24.5 °C, During the three month observation period, 
however, the change of salinity from day to day averaged only 
1.7 °/oo, There are no appreciable tides in the area. 


It was observed that the quality of the Indian River oys- 
ter was the same during the entire winter. The quality of 
oysters from the best area of Apalachicola Bay did not remain 
constant during this period although the average temperature 
was lower than that of the Indian River. The average water 
temperature during December, 1949, January, and February of 
1950, was 18.9°C. for Apalachicola Bay. This figure is based 
upon 45 observations taken during that period at widely isolated 
parts of the estuary. 
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Summary 


1. An eighteen month survey of salinity conditions has been 
made of Apalachicola Bay, present center of Florida's oyster 
industry. 


2, Annual variations in salinity from fresh water to 42.5 °/oo 
are not only tolerated by the indigenous oysters, but commercial 
production is present where those conditions exist. 


3. Marketable oysters in Apalachicola Bay are found in habi- 
tats which experience weekly salinity changes averaging 11 0/00. 


4, Commercial production of oysters is possible in habitats 
showing an average tidal salinity variance of 4.8 °/o0. 


5. Growth rate studies carried on simultaneously with the sal- 
inity investigation indicate that growth under the salinity 
variations mentioned above is extremely rapid. One inch in 
length is achieved in five weeks, and 2.6 inches in 16 weeks. 


6. In general, Apalachicola oysters are not of superior qual- 

ity. It is suggested that the low glycogen content might be 

due to the great ranges of salinity to which they are exposed. 
Reference 

Stauber, L. A. 


1943. Graphic representation of salinity in a tidal es- 
tuary. Sears Found. Journ. Mar. Res. 5:165-167. 
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The Condition of Oysters as Measured by the Carbohydrate Cycle, 
The Condition Factor and the Per Cent Dry Weight 


James B, Engle 
Fishery Research Biologist, U. S. Fish and Wildlife Service 


The fact is well established that a wide range of quality 
in oysters exists wherever they are found, on different parts 
of one oyster bar as well as between distinctly separated areas. 
Investigators have proposed many reasons for quality differences, 
some of which can be listed as follows: changes in salinity and 
temperature, availability and assimilation of food, density of 
growth or planting, internal and external parasites, the pres- 
ence of shell invading organisms, industrial pollution, physi- 
cal transfer of oysters from one bed to another and probably 
others. 


Oysters are valued commercially by the condition of their 
meats. Methods of determining the relative values are both 
qualitative and quantitative. To say that a creamy white tur- 
gid oyster is good is redundant when mentioned here in this 
company of experienced oyster dealers. Likewise, that a flac- 
cid, gray, watery animal is poor. There is no doubt that quali- 
tative estimates of condition are useful and valuable in the 
trade. The drawback here of course is in the lack of uniformity 
of comparison which depends on the experience and individual 
reactions of the observer. To remove from these estimates of 
condition the variability introduced by observers using quali- 
tative methods certain techniques have been devised and applied 
to measure in an unbiased way some of the attributes of oyster 
condition quantitatively. 


In the shellfish laboratory of the U. 5. Fish and Wildlife 
Service, Annapolis, Maryland, oysters from Chesapeake Bay are 
examined by certain techniques to determine condition. These 
show the amount and seasonal cycle of glycogen accumulation, 
the relation of the amount of meat to the size of the shell: 
cavity, the ratio of which is known as the condition factor, 
and the per cent dry weight. Each of these is an index of the 
condition of the oyster. Each of these also answers a some- 
what different question. 


The most obvious index of condition is the "fatness" attri- 
buted for the most part to the presence or absence of glycogen, 
an animal starch. The method of glycogen determination is a 
long established procedure of digestion of the meats with hot 
alkali, precipitation of the glycogen with alcohol, hydrolizing 
the glycogen to glucose and determining the amount of sugar color- 
imetrically. Results are expressed as percentage of glycogen in 
dried oyster meats. A portion of each sample of meats is dried 
to determine the per cent total solids. 
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In Chesapeake Bay, as in most places, the glycogen content 
of oysters follows a cyclic or seasonal pattern. In late spring 
a rapid reduction in glycogen takes place which is coincident 
with the fairly rapid development of the sex products prior to 
spawning. Low glycogen is reached shortly after the gonads be- 
gin the initial discharge of spawn. The low glycogen content 
is maintained with some fluctuation until the termination of 
Spawning when a rapid reaccumulation of glycogen begins. The 
time of the drop and the recovery at the end of the summer var- 
ies to some extent from year to year. Major changes in the nor- 
mal glycogen cycle, nevertheless, remain coincident with the 
gonad Gevelopment and the spawning reaction. In 1949 the major 
drop in’ per cent glycogen occurred over the period May 5 to 
June 15, and the recovery over the period October 17 to Novem- 
ber 21. The initial spawning in 1949 was about June 12. In 
1950 the major drop in per cent glycogen took place two weeks 
later and proceeded at a slower rate. The initial spawning in 
1950 was about July 3. The change in the per cent glycogen 
from the winter reserve to the summer minimum in 1949 was from 
24% to 34, and in the fall it returned to 55% which held through 
the winter. The early summer drop in 1950 reduced the winter 
reserve of 35% to 9%. Oysters were considerably better in 1950 
than they were in 1949, 


Glycogen in oysters, then, as an index of condition, has 
a twofold significance, one dealing with marketable values and 
the other with biological phenomena. The latter point in some 
measure influences market values in the following manner. The 
season of harvest, usually set by legislation, only partially 
encompasses the period of high glycogen reserve. At the end 
of the open season, April 15 in Maryland, "fat" oysters high 
in glycogen are still quality products. But at the beginning 
of the open season, September 1 in most waters of Maryland, oys- 
ters are still in a spawning condition with relatively low 
glycogen reserve. From the standpoint of production and conser- 
vation harvesting of oysters in September has these arguments 
against it: (1) spawning is still in progress, (2) quality of 
meats is usually poor, and (3) yield per bushel in volume of 
meats is low. The last two points are directly related to the 
low glycogen reserve. The glycogen cycle recapitulates itself 
annually with fair regularity. Knowing this, the conditions 
detrimental to production and conservation mentioned above, 
may be alleviated by postponing the beginning of the oyster 
harvest to the period in the cycle when. the high glycogen re-- 
serve has been reaccumulated or after October 15. Admittedly, 
this presents a problem in economics in a highly competitive 
industry. But again, the industry in the Chesapeake area and: 
elsewhere suffers to some extent when oysters low in glycogen, 
as they are in September, are placed on the market. 


The role played by glycogen in the biology of the oyster 
is only partially known. What is evident, however, is the in- 
timate connection glycogen has with the production of sex pro- 
ducts. The early season drop in the glycogen reserve is 
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concurrent with the rapid production or maturing of the eggs 
and sperm in the gonads. The fall accumulation of glycogen 
follows the termination of spawning. To further support this 
relationship was an observation made during the summer of 1949, 
The initial spawning had slowed down and the glycogen drop had 
ceased. Then egan a slow rise in the amount of glycogen dur- 
ing the middle two weeks of July. During the last week of that 
month the gonads increased in thickness and the glycogen simul- 
taneously dropped rapidly to a new low. In a lesser way the 
mid season spawning-glycogen relation repeated the initial re- 
action. 


A simple means of determining the volume yield of oyster 
meats from a measure of oysters in the shell has been known for 
many years. ODr. Caswell Grave in the early part of this century 
calculated by displacement the volume of the whole oyster in 
the shell and compared it with the volume of wet meats. The 
ratio of the meats to the whole oyster can in turn be converted 
to a pints per bushel yield, the index generally used by the 
oyster packer to classify the condition of his oysters. Grave 
then went one step further and compared the volume of meats to 
the volume of the shell cavity to eliminate the discrepancy in- 
troduced by the individual differences in the thickness of 
shells. On a wet basis the ratio of the meats to the shell 
cavity represents a condition factor for comparing quality be- 
tween groups of oysters. The weakness in this method is the use 
of the volume of wet meats which may be bloated when exposed to 
fresh water. Grave pointed this out. 


Dr. A. &e Hopkins in the United States and Dr. C. J. Medcof 
in Canada much later employed Grave's methods adjusted to the 
dry weight of meats as a quantitative means of comparing quality 
in oysters. The index called the Condition Sactor is a product 
of this latter method. 


In Maryland and Virginia the Condition Factor has been 
used currently to indicate relative differences in the quality 
of oysters. The range of "2" for very poor to "16" for excel- 
lent was arrived at empirically. Jith this scale of quality 
the changes in condition of cysters was measured during the ex- 
tended period of freshet in 1945 and 46. The gross appearance 
of the oysters did not always show the degree of "poorness' in its 
true light because of the bloating caused by the fresh water. 
When measured by the Condition Factor procedure, which excluded 
the excess water, the true value of the meats was indicated. 

In general the Condition Factor analysis has a similar cycle 
to that of the glycogen cycle. 


The per cent dry weight of oyster meats from which can be 
calculated the total solids or the moisture content is utilized 
in the glycogen and the Condition Factor methods of deternining 
quality. In itself it has a place in comparing oyster meats 
with other foods. A common measure of food value is the total 
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Solids. With this index it is possible to relate the unit 

value of oyster meat to unit values of other protein foods. 

As in the other methods of quantitatively determining quality 

of oyster meats, this technique may be used to compare one group 
of oysters with another. 


With methods that accurately and simply measure the qual- 
ity of oysters, it is possible to compare the effects of changes 
in the environment, inherent differences in the individuals and 
cultivation procedures on the condition of oysters. Fundamen- 
tally it must be known what constitutes a good oyster and why. 
The “why" is the hurdle the oyster biologist is working with. 
Some of the measuring devises he may use are explained here. 


Two charts. 
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Shellfish Sanitation Research Program* 


By 


C. B. Kelly, Chief, Shellfish Sanitation Section 
Environmental Health Center 
Woods Hole, Massachusetts 


In 1946, the Public Health Service published the first 
edition of its manual of Recommended Practice for the Sanitary 
Control of the Shellfish Industry. In the formulation of this 
first edition valuable assistance and guidance was obtained 
from discussions at meetings of the Shellfish Committees of the 
American Public Tealth Association and from meetings of the 
National Shellfisheries Association. This assistance has been 
continued through succeeding years. 


Invariably, the subjects which received most attention 
during these discussions were concerned with bacteriological 
procedures, and what would constitute reasonable and practi- 
cal bacteriological standards for shellfish and shellfish pro- 
ducing waters. A standard bacteriological procedure has since 
been developed, and has received universal acceptance, There 
remains a deficiency in fundamental knowledge of the bacteri- 
ology cf shellfish. Sufficient scientific data are not avail- 
able to establish such vital facts as the relative survival 
of coliform organisms and pathogens in sea water, the rela- 
tive ratio of coliforms in the various species of shellfish 
growing in the same area, and the bacteriological behavior of 
shellfish as they proceed from the growing area to the ulti- 
mete consumer. ‘Without such knowledge, the practicing shell- 
fish sanitarian has no standerd on which to base an intelli- 
gent opinion or interpretation of his sanitary surveys. He 
can not establish the bacterial density at which shellfish 
should be allowed for distribution and sale, 


Recognition was made of this situation by the Service dur- 
ing the compilation of the first edition of the manual. As soon 
as possible after World Jar II, steps were undertaken to estab- 
lish a research laboratory in which to determine these funda- 
mental facts. The first step was the appointment of an Advis- 
ory Committee composed of bacteriologists, biologists, and 
sanitary engineers prortinent in shellfish sanitation. State 
and Federal Agencies, as well as industry, are represented on 
the Committee. 


The first meeting of the advisory group was held in March 
1948, in Washington, D. C. It was decided that a research 


Presented at the Annual lheeting of the National Shellfish- 
eries Association at Atlantic City, N. J., August 22-25, 
1950, ay 
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laboratory should be established at Woods Hole, hassachusetts, 
staffed and operated by the Yrublic Health Service. Selection 
of this location was made because of the availability of exten- 
sive laboratory and library facilities, and the opportunity 
for technical consultation and advice at the three scientific 
organizations devoted exclusively to oceanographic research. 
Also Woods Hole is near waters of various degrees of pollution 
from the metropolitan communities at some distance from the 
station and the few isolated areas in the immediate vicinity. 


The Shellfish Advisory Committee recommended the follow- 
ing schedule of investigations: 


1. An evaluation of existing methods for the bacteriolo- 
gical examination of shellfish. 


2. The determination of the relationship in bacteriolo- 
gical content between the shellfish and the overlying waters 
at various levels of pollution and temperature ranges. 


5S. The study of the relative survival of coliforms and 
enteric pathogens in sea water anc shellfish. 


4. The study of natural and artificial purification of 
shellfish. 


Organization - The Woods Hole laboratory is a section of 
the Research and Development Branch of the Environmental Health 
Center at Cincinnati, Ohio. It also maintains a close liaison 
with the Shellfish Sanitation Branch of the Division of Sani- 
tation which is responsible for the shellfish sanitation con- 
trol program of the Public Health Service. Thus, the scien- 
tific findings obtained in the laboratory may be applied at 
the commercial level and in return, the practicing sanitarian 
has the aid cf technical and professional advice on his field 
problems. ‘ith the close association of the two units, it is 
also possible for coordinated guidance of the shellfish ad- 
visory group. 


The Woods Hole laboratory staff includes a chemist, two 
bacteriologists, a biological aide, and a stenographer. Lab- 
oratory facilities were first located at the Woods Hole Ocean- 
opraphic Institution and work was started on problem one: the 
comparison of bacteriological methods, in May 1948. When suf- 
ficient information was obtained from this study, standard 
bacteriological procedures were formulated with these, it was 
possible to undertake other investigations, However, it was 
soon found that the allotted space at the Joods Hole Oceanographic 
Institution was inadequate for proper functioning of the lab- 
oratory, and negotiations were started for the acquisition of 
additional space. Arrangements were finally completed in May 
of 1950 for the use of three rooms located at the laboratories 
of the Mish a nd Wildlife Service at woods Hole. The laboratory 
moved to the new quarters in June, 
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Summary of Results of Investications 


1. Comparative study of the methods for the bacteriologt 
cal examination of shellfish - Laboratory work on this project 


has been completed, the data have been tabulated, and the fi- 
nal report is in preparation. Results of the study indicate 
that the procedure for the enumeration of coliform organisms 
as described in the Recommended Procedures of the American 
Public Health Association is practical, and could be followed 
with little modification. The same conclusion applies to the 
1 a arated technique for the determination of entero- 
cocci. 


2. Ratio of coliforms and enterococci in Shellfish and 
the overlying waters - In these experiments’ three species of 
shellfish were plantecd in a laboratory flat, and exposed to 
flowing sea water which had been artificially contaminated 
with known and controlled quantities of pollution. The pol- 
lution was supplied from a reservoir which contained a dilu- 
tion, in phosphate buffered water, of the unchlorinated Imhoff 
tank effluent of the sewage treatment plant at Camp Edwards. 
The pollution reservoir was changed twice daily, and most of 
the experiments were continued for a period of four days. 


Studies were conducted eat three levels of pollution; that 
of clean water without added sewage; at coliform MPN approxi- 
mately 400, representing moderate pollution; and at coliform 
MPN 1000 and above, representing heavy pollution. They have 
been conducted at three ranres of temperature; 0°-5°9C, 8°-15°C,- 
and approximately 20°C. This project is now nearing completion, 
and it is expected that results will be available b; late fall. 


Although tabvlation of cata is not complete, the results 
to date indicate that shellfish respond quite rapidly to changes 
in the bacteriological content of the overlying water, usually 
within twenty-four hours, and, in some instances, within eight 
hours. Although a definite ratio between the shellfish and 
the overlying waters has not yet been computed, it appears to 
be relatively constant at the three pollution levels studied. 
It has wvecn detsrnired that under similar conditions of 
pollution soft clams show the highest coliform index of the 
three species studied. Oysters and hard clams are of the same 
order, with the possibility that oysters range slightly higher. 


At the end of the pollution runs clean water wag allowed 
to flow over the flats, and the shellfish were examined at 
frequent intervals for a period up to seventy-two hours. De- 
creasing the coliform density of the water affected a corre- 
sponding drop in the coliform wntent of the shellfish at a 
rather rapid rate, the process usually attaining stabilization 
within a veriod of eight hours. 


3. lussel Studies - The Shellfish Committee, Engineering 
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Section of the American Public Health Association, at a meeting 
in Boston in 1948, petitioned the Service to include in the pro- 
gram of activities a study on the cause of high coliform scores 
obtained in mussels as received at the wholesale market. This 
problem has received attention as often as time permitted, and 
the studies will continue until a satisfactory answer has been 
obtained. 


Part of the study has included a careful check on lots of 
mussels commercially dug and shipped to the market. Bacteriolo-= 
gical examinations were conducted on mussels stored in bushel 
baskets for 24, 48, and 72 hours at room temperature; shipped to 
New Bedford and returned; and shipped to Fulton Market, New York, 
Up to the present time the results indicate that the increase in 
coliforms is primarily a function of tire and temperature; but 
it is also dependent on the extent to which the mussels are cleaned 
of adhering mad, as well as care in handling after removal from 
the water. 


4. Seasonal variation of coliforms and enterococci in a 
polluted area - Hel Pond Studies - kel Pond is a small tidal area 
located within the village of ‘foods Hole. It receives a con-= 
siderable amount of pollution from dwellings and semi-public | 
places built around it, and therefore, was considered to be an 
ideal area for the study projected. Accordingly, samples of 
water have been examined from six stations, and hard clams from 
one station, at monthly intervals since August 1948. A sanitary 
survey of the area has also been made in order to correlate the 
bacterial findings with the locations of sources of pollution. 
Vork on this project has proceeded to a point where sufficient 
information has been collected for the preparation of a final 
report. Definite seasonal variations in bacterial densities have 
been observed, with the low coming in the spring following the 
period of lowest water temperature. Some correlation between 
activity of the shellfish and bacterial content also was demon- 
strated; the hard clams showing a greater coliform content in 
the summer and less in the winter, 


5. Survival of coliforms and enteric pathogens in sea water- 
This project was suggested by the Advisory Committee at its meet- 


ing at Woods Hole in October 1949, It is in the preliminary 
phese; a project outline having been compiled, and a standard 
technique developed. 


In the first part of the study suspensions of coliforms 
and salmonella, both in pure culture and combined, are prepared 
in Berkfeldt filtered sea water. These are examined periodically 
to the point of extinction. Later, experiments will be under- 
taken in model shellfish flats, the shellfish to be supplied 
with water containing known concentrations of coliforms and patho- 
gens, and the water and shellfish will be examined after various 
periods of time. These experiments will be conducted under dif- 
ferent temperature conditions. It is hoped that these experiments 
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will result in the establishment of the rate of absorption of 
coliforms and pathogens by the shellfish, as well as the rela- 
tive concentrations of these organisms in the shellfish and the 
overlying water. Rate of cleansing will be determined by sup- 
plying the flat with clean water at the end of the experiment 
with frequent analyses of shellfish and overlying water until 
the coliform content of the shellfish is the same as that of the 
overlying water, and pathogens are completely eliminated. 


Sunmary - The organization and aims of the Shellfish Sanita- 
tion Section of the Environmental Health Center, have been de- 
scribed. The purposes of the laboratory are to conduct studies 
with a view to the development or improvement of bacteriological 
methods for the examination of shellfish waters and the collec- 
tion of data leading to the development of reasonable control 
standards. The unit also operates in collaboration with Fed- 
eral and State control agencies in practical field investigations 
in the sanitation of harvesting, processing and marketing of 
shellfish. 


A brief description has been presented of several studies 
undertaken by the laboratory. Some have been completed, on which 
reports will be available in the near future. 


The laboratory has to date, made an evaluation of methods 
for the bacteriological examination of shellfish and overlying 
waters and has collected sufficient data under controlled condi- 
tions to establish the relative concentration of coliforms and 
enterococci in the three svecies of shollfish and the overlying 
water. More specific information on the significance of this 
relationship will be obtained from similar studies with patho- 
genic organisms. 


Other studies in progress include investigations of the 
handling and marketing of mussels and the artificial and natu- 
ral purification of soft clams. ‘Work on these projects has not 
yet progressed to a point where definite conclusions can be 
drawn, but the studies will be continued until sufficient in- 
formation has been obtained. 
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Observations on Soft Clam Mortalities in Massachusetts 
by 


Osgood R. Smith 
U. S. Fish and Wildlife Service 
Newburyport, Mass, 


Introduction 


This paper is to report a mass mortality among soft clams, 
Mya arenaria, observed in Plum Island Sound, Essex County, Mass- 
achusetts, and to compare the occurrence with similar ones re- 
‘ported at other times and places along the New England coast. 
These mortalities may be a primary cause of the present scar- 
city of soft clams in lassachusetts. 


Mortalities in Plum Island Sound, 1949 


During the summer of 1949 we made a census of the clam 
population in Plum Island Sound, principally by taking two-square- 
foot samples. By the middle of summer it became quite obvious 
that clams were dying from some unknown cause. They were in var- 
ious stages of decay, but in normal position in the mud, often 
with their rotted siphons still extended to the surface of the 
flat. This is the condition I am calling "mortality", in con- 
trast to the loss of clams by predation or other causes where 
the clams are removed bodily. 


The mortality was most obvious in a bed of planted clams 
in Rowley, partly because there were plenty of clams there where- 
as they were scarce elsewhere. On June 15, nineteen live and 
five rotting clams were dug from three square feet, a 21 per 
cent mortality. By the middle of July, 98 live and 75 dead were 
dug from ten square feet, a 45 per cent mortality. 


At Hale's Cove, about a mile and a half farther up the Sound, 
the proportion of rotten clams was even greater, though not as 
obvious because clams were scarce. There was a fair scattering 
of 20 to 40 mm. clams over much of Hale's Cove, estiwated at a 
density of one or two per square foot, but thicker in places. 
Forty screened samples, each two square, taken between May 24 
and July 6 had 78 live and 27 cead clams, a mortality of about 
26 per cent. On October 18, only five live clams and 148 dead 
ones were found in 115 square feet, a mortality of about 97 per 
cent. 


Clams which we planted for farming experirents fared little 
better than the native stock. In this case the horseshoe crabs 
bodily removed 92 per cent of our planted clams, mostly within 
two or three weeks after planting, but of the remaining clams, 
318 were recovered alive and 914 in various stages of decay, a 
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mortality of 69 per cent. Many of the rotting clams had grown 
as much as the live ones, indicating that death occurred pro- 
gressively throughout the summer. The new growth was very dis- 
tinct on these stunted, thick-shelled transplanted clams. 


Mortalities such as I have been describing apparently were 
quite general in Plum Island Sound. 


Areas of Low lortality, 1949 


There were also areas in Plum Island Sound notable for their 
lack of mortality. One of these, on Dole's Island at the mouth 
of the Parker River, is less than half a mile from Hale's Cove, 
Bight two-square-foot samples contained 273 live and only 9 dead 
clams on July 28, and general inspecting in October and lovember 
indicated little or no increase. This small mortality could have 
resulted from injuries by diggers that worked there during the 
summer. Other mortality-free areas were found two miles farther 
up the Parker River, in the l'errimack River and in Black Water 
Creek, a tributary to Hampton River, New Hampshire. 


Past lortalities at or near Plum Island Sound 


This clam mortality is not a strange new catastrophe. It 
has occurred before. Dr. Galtsoff, of this Service (Unpublished 
report), examined the Hale's Cove area in 1946, and his descrip- 
tion of rotting clams would do as well for 1949, One square 
foot sample had 12 live and 35 dead clams. 


A mass mortality at Essex in 1914 was described by H.-W. 
Nightingale (U.S. Bureau of Fisheries Economic Circular 16, 
1915) and many old clam diggers along the coast can recall 
years when they found clams rotting in the flats. 


Clam Mortalities in Other Areas 


Mass mortalities have occurred over extensive and wide- 
spread areas along the Atlantic Coast in recent years. Biolo- 
gists up and down the coast have witnessed them in Canada in 
1932, in various isolated spots in Maine in 1949, and over the 
last few years in Connecticut, New York, and New Jersey. 


Possible Causes of Mortality 


So far, we have not determined the cause of the mortality. 
About all we can do at present is to narrow the possible causes 
down to a few of the most likely. 

There is good evidence that the clam mortality was not 
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caused by high temperatures alone. The summer of 1949 was one 
of the warmest on record, if we take Boston records as a measure; 
but 1946, when Galtsoff found rotting clams, was an unusually 
cool summer. The wide range in per cent mortality on adjoining 
flats in Plum Island Sound is also evidence against the effect 
of temperature. 


The mortality apparently was not caused by the condition 
of the soil. Nightingale believed that the Essex mortality of 
1914 was caused by decaying plant material, but we found no evi- 
dence of this. Rotting clams were found in soils ranging from 
loose clean sand to firm sandy mud and relatively soft mud. 
Furthermore, clams in the Merrimack River were doing well in 
black mud over masses of plant material much like those deseribed 
by Nightingale. There was no indication of smothering. 


Predation by horseshoe crabs, green crabs, boring snails, 
and birds may be the principal cause of the clam shortage. A 
predator usually devours its victim and does not waste it by leav- 
ing it to rot. However, local diggers report that green crabs 
nip off siphons and leave clams to die, and this is certainly a 
possibility. Most of the dead clams found were so far decayed 
that no injury could be seen, but we have found a few clams 
with injured siphons. 


A few weeks ago we found some interesting variations in 
mortality of planted clams in experimental plots set out primar- 
ily to test methods of predator control. In two plots not pro- 
tected from green crabs, the mortality was 24 per cent, while 
there was no mortality in a plot covered by heavy gauge one 
inch mesh chicken wire only thirty feet away. 


It seems hard to believe that the extensive mortality of 
1949 and the various cases reported for other years could all 
be caused by injuries from predators, but it is a possibility 
worth further investigation. 


The other possibility seems to be that some disease is kill- 
ing the clams. Diseases have been described in oysters and in 
practically every organism that has been thoroughly investigated, 
so it would be logical to assume that clams have diseases alS0-e 
This possibility is being investigated by bacteriological and 
histological work at Newburyport. 
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The Hard Clam (Quahaug) Program 


Louis D. Stringer 
U. S. Fish and Wildlife Service 
Kinston, Rhode Island 


Biological studies on the quahaug were begun in Rhode Island, 
with preliminary investigations on larvae, growth, and effects 
of types of gear, in 1949 and have been outlined by Ir. Glud at 
a previous meeting of this group. Preliminary outlining and plan- 
ning of a productivity study, similar to that already begun on 
soft clams, was started in the winter of 1949-50. 


The objectives of the program are as follows: 


1. To determine the physical and biological condi- 
tions necessary to maintain an area at maximum 
production over a long period or to restore a 
depleted area. 


2. To determine if an understanding of any of 
these conditions can be utilized to maintain 
production or overcome depletion. 


3. To develop methods which may be used by other 
conservation egencies to attack problems of 
quahaugs in their own localities. 


Rhode Island was selected as the location for these studies 
of quahaugs after extensive contact with members of the industry. 
Two coastal surveys were made from liaine to Florida. Dealers 
and fishermen were interviewed and problems of the industry dis- 
cussed. Rhode Island was finally selected as the central area 
and permanent headquarters for hard clam research were established, 
Rhode Island offered four inducements which influenced our deci- 
sion: 


1. The area is highly productive and has an in- 
tensive quahaug fishery. 


2. The productive areas are small enough to be 
easily and intensively studied and for the 
most part are sheltered for maximum working 
efficiency. 


3. The Narragansett Marine Laboratory extended 
the use of research facilities, office and 
laboratory space and a vessel, and is con- 
ducting cooperative studies. 


4, The proximity to the other Clam Investigations 


units at Newburyport, l.assachusetts, and Booth- 
bay Harbor, Maine, permits more frequent meetings 
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of investigation personnel for exchange of ideas 
and for more efficient administration. 


Greenwich Bay was selected as the outdoor laboratory for the 
productivity studies. The bay is located on the western side of 
tarragansett Bay about thirteen miles from the ocean. The total 
area is approximately 2700 acres, and maximum depths range from 
10 to 25 feet at flood tide. 


For many years Greenwich Bay has been one of the best 
quahaug-producing areas in the State and supports about 20 full- 
time bull-rake and tong fishermen. During the summer this num- 
ber is more than doubled. Eight shellfish dealers are located 
around the bay, but one dealer handles more than three quarters 
of the catch. 


The first survey of Greenwich Bay was begun June 12; (1) 
to study the nature of the bottom and (2) the numerical and size 
distribution of quahaugs. A grid of stations 600 feet apart 
was laid down over the erea. Samples were taken at these sta- 
tions with a construction type clam-shell bucket. The bottom 
material was screened and the quahaugs counted and measured. 
This survey will be repeated again in September, and in each 
succeeding spring and fall for at least two more years. From 
these repeated surveys we hope to be able to estimate the rate 
at which quahaugs are being removed by the fishery and the rate 
at which they are being replaced by natural spawning. If we 
are successful in developing our estimate, our next step will 
be to determine the maximum annual removal coincident with sus- 
tained production. 


Preliminary analysis of the survey data showed the bay to 
be divided roughly in half by two types of bottom. The western 
half is predominantly sticky mid, and the eastern half princi- 
pally sand, with small areas of shell mixed with sand. Approxi- 
mately two-thirds of the bay appears to be producing quahaugs. 
Most of the small (under legal size) quahaugs are concentrated 
in the western part. "Neck" size clams are found in patches all 
over the bay, while "large" quahaugs are located predominantly 
in the eastern part. One of the outstanding preliminary obser- 
vation of the survey is the irregularity of distribution of the 
clams. The centers of heavy concentration were small in area 
and widely scattered over the bay. This confirms evidence we 
have obtained from interviewing fishermen, and is probably char- 
acteristic for most quahaug-producing areas of Narragansett Bay. 


Studies were begun in July to determine the possible rela- 
tion of tidal currents to the distribution, setting and survival 
of larval quahaug. ‘ie were interested in knowing whether the 
populations in Greenwich Bay were self-sustaining, or if larvae 
could be brought in from other closely adjacent areas of Narra- 
gansett Bay. Sheet-metal crosses were supported at different 
depths from small cork floats to determine the direction and 
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rate of flow of the water at different levels. These were fol- 
lowed for entire tidal cycles, and the movements plotted on 
charts of the area. These experiments are not completed and 
no results can be reported at this time. 


Plankton samples are being taken three times a week at two 
locations in the bay to study occurrence of larvae. A heavy 
Spawning apparently occurred in late June, but only a small nunm- 
ber of larvae have been found since that time. 


An interview system has been started on Greenwich Bay to 
estimate the extent of removal by the commercial fishery. To 
obtain maximum accuracy, we question the men on the fishing 
ground as to their catch, hours worked, and any information 
they may be able to offer on seasonal aspects and trends of 
the fishery. Experiments are planned for the near future to 
determine the feasibility of "farming" quahaugs. From these 
we expect to obtain information on the most favorable type of 
bottom, best patterns of tide or current, and the effects of 
crowding on the growth of clams of various sizes. 


It is too early in the Investigation of quahaugs to have 
more than preliminary results. Only since lay, 1950, have we 
had the minimum required staff and equipment necessary to conduct 
our program. At present we can simply outline our operational 
techniques, and state what information we expect to gain from 
these studies. This is as follows: 


1. An estimate of the expected annual yield at 
present fishing levels. 


2. The best removal for maximum yield over a 
long period, 


3. The conditions of life history and ecology 
which influence production. 


4, Basic knowledge of farming methods. 


In addition to the Rhode Island studies, cooperative and 
supplemental projects are being conducted in other localities. 
Dr. V. L. Loosanoff, Director of the U. S. Biological Labora- 
tory at Milford, Connecticut, is directing his efforts toward 
laboratory culture of clams and is assisting in the identifica- 
tion of larval stages of common mollusks by preparing photomi- 
crographs and microscope slides for distribution to workers 
throughout the investigation. He has successfully reared large 
numbers of quahaug larvae past setting size, and has supplied 
them to investigators in several areas for experimental planting. 


Dr. Thurlow Nelson of Rutgers University is directing grad- 
uate students in a continuation of his 1949 program, devoted to 
the study of food organisms and the problem of obtaining seed 
from natural reproduction. Dr. H. Haskin is conducting studies 
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on the growth of clams of various ages, the seasonal increase in 
the size of meats, and the effects of predators on seed clams, 
Dr. Mie Carriker is investigating pelagic bivalve larvae to es- 
tablish criteria to differentiate the larval stages of quahaugs 
from those of other mollusks, 


Dr. Charles J. Fish, Director of the Narragansett Marine 
Laboratory is conducting an overall ecological survey of Narra- 
gansett Bay, placing special emphasis on the quahaug populations, 


Dr. Walter A. Chipman, of the Fish and Wildlife Service 
Laboratory at Beaufort, North Carolina, is conducting a study 
of the basic food materials of clams, employing newly developed 
radio-active tracer techniques. 


About 1100 hard clams have been planted in Maryland in co- 
operation with the Maryland Department of Research and Education 
for growth and survival studies in this area. Another smaller 
planting in the Beaufort area has been made by Dr. Chestnut of 
the Institute of Fisheries Research of North Carolina. 
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Observations on the Life History of the 
Sea Scallop and Its Fishery in Maine 


Walter R. Welch 
Clam Investigations 
Fish and Wildlife Service 
Boothbay Harbor, Maine 


The sea scallop, Placopecten magellanicus, is one of two 
principal commercial scallops found on the Atlantic coast. ‘It 
may be distinguished from the bay scallop, Pecten irradians, 
by its larger size, its lack of prominent fluting upon the 
valves, its possession of separate sexes, and especially by 
the differences in bathymetric and geographic ranges, since 
the bay scallop is more restricted to shallow, inshore waters 
from southern liaine, southward. 


This larger mollusk grows to a diameter of about 8 inches, 
but most marketable catches average 43 inches. The shell is 
rounded in outline and strongly flattened, the valve upon which 
the animal rests being much flatter than the upper one. The 
valves are rather light, lending themselves to the swimming 
ability of the mollusk. They do not fit tightly together, and 
leave the scallop susceptisle to starfish attack and prevent 
shipment of the product in the shell. Fine striations radiate 
from the umbo to the margin and growth lines are evident, con- 
centric to the margin. Winter checks occur in the growth lines 
and are indicative of annual growth. 


‘A live scallop, lying relaxed, with its valves slightly 
open, shows two rows of eyes around the margin of the shell, 
one row on each mantle edge. Each eye is perfectly formed and 
constitutes a rare structure among most bivalves, but does not 
seem to perform any important sensory function of the animal. 


One of the most prominent features of the internal anatomy 
of the scallop is the adductor muscle, stretching from valve 
to valve. This muscle is the "meat" to the fishermen and the- 
"scallop" to the market. It is made up of two distinct parts, 
the larger of which is adapted for rapid contractions and aids 
in swimming, while the other, smaller, portion is adapted to 
slower and more forceful action, such as holding the valves 
closed when danger threatens. 


The other prominent feature of the body of the scallop is 
the gonad. The sexes are separate in this mollusk, and at ma- 
turity a distinct difference may be seen between male and fe- 
male. The sperm are white and the ova are brilliant orange 
to red. The sex ratio is nearly one to one and both sexes ma- 
ture at the same time, 
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A scallop begins its life in August or September, when the 
Spawning season occurs. As in the case of many other mollusks, 
fertilization takes place in the water, when ova and sperm, re- 
leased from separate individuals, meet and unite. The early 
stage of the scallop is free-swimming until sufficient size and 
shell growth are attained to cause it to settle to the bottom. 
Once settled, it attaches itself to rocks or shells by means of 
thread-like glandular secretions. It remains so attached for a 
rather indefinite period, generally over a year, 


Feeding upon microscopic plankton forms and living at 
depths of more or less constantly low temperatures, the mollusk 
reaches a diameter of 2 3/8 inches during its third summer. A 
few individuals may reproduce at this time, but most sexual ma- 
turing occurs at four yéars of age, when a diameter of 3: inches 
has been reached. Up to this time, the scallop is very active 
and moves about at the slightest provocation. The swimming ac- 
tion is accomplished by opening and closing the valves in rapid 
succession. The water, taken in by the opening of the valves, 
is forced out by their closing, and its direction of flow is 
controlled by the muscular free edges of the mantle. Older 
scallops are much less active and accumulate heavy growths of 
verious fouling organisms. Individuals as old as 19 years have 
been recorded. Undoubtedly there are older ones, but aging is 
complicated by erosion of the shell, the slowing of growth, and 
the resulting indistinctness of the winter check rings, by which 
growth is calculated. 


The scallop does not suffer from a great number of enemies, 
and aside from man, only one is very serious. The starfish com-- 
mon to its geographic and bathymetric range is Asterias vulgaris, 
which preys heavily upon all sizes of this mollusk. The smaller 
scallops are’easily opened by the larger starfish, and the lar- 
ger mollusks, lacking a tightly closing shell, are subject to 
entrance by smaller starfish and to the insertion of the everted 
stomachs of the larger predators. 


The valves of the scallop are eroded by species of the bor- 
ing sponge genus Cliona and by the boring clam, Saxicava arctica. 
This action weakens the shell, but does not seriously harm the 
animal. It is believed that more extensive erosion occurs in 
this mollusk than in most others because it does not burrow and 
because it lacks an adequate protective cuticular covering on 
the shell, 


Other questionably adverse conditions affecting the welfare 
of the scallop are: the handling of undersized individuals on 
deck, especially in sub-zero weather; the action of the dredge 
in disturbing the bottom and burying small sizes; and littering 
the beds with waste portions of the mollusks caused by shucking 
over the beds. 


Several common inhabitants of the shells of live scallops 


59 


oct nediw ,tedmetqea to dagnwA mi ot ff ett entned qolisoe A 
~etenifom redio ynem to eeno edt oi SA .etu900 NoaseE 
uc trece bas avo nedw-,teday eft at coate sealed notiashftda 
nse oT .ettas Bas deer , ciavbivibat sisieqes mort ! 
ha esle tnelsitive Lfianw gatumiweeeertt ef goliIsos eid to 
emotiod eft of afidea of #1 osuno of Dentsiis ons peti f 
to ensom yd eflere +o edoor od tLeatt eodoadga t1 belstealn 
8 tot bedostsa on antamet tI .anoltersen tslubnels otliebeer 
eteoy A tevo Yilfaxenon ,bolieq ediatlobal § 


‘ar 


te goitvif bue amtol modiaslq olqoosotelm mnogu potbee’ 
devilom edd? ,ceiudeteqmed wol yitnavenos seel to etom to 
stommue bitdd adi natwh eedont G\E & to tedomelh a 
“Bit fayxese Jeom Jud ,omts ofdt ta coubouyen yem elaublvt 
aeiont [é& to tedomalh a aedw ,oge to exmby aol sa eio90 aa 
evidos yiev ef qoffase edd yomtd ald’ of qU ,bedoser on 
“on nolmmiwe eT .toldsoovow teotdgtic edd de dauoda at 
Hhiget al sevflav @aiz gateofo bas gatneqo: yd ae ee 
gteviav od to gaineqo od¢ yd al aedead ,tetew edt L 
et wolt to noftoerth agi Bra ,xunteolo aleds yd duo be 
sebfO ,elitnam edt to senbe cet! salvoeum oft yd Be 

to ediwors yveed otelumyoos bona evisos seolf rloum sts age 
evel etsey OL aa blo ee efsubivibal .emetnegto yntivo? sae 
ef anigs dud ,seno seblo etm omedd ylbetduebnU .dDebtoseg em 
fue ,ddwotg to gnitwofe oi? ,[fede od to moleote yd bedas 
dolidw Ws eennlia aoado total me to eeentonivelbhnt jal t Lewes 
ehotsivofao eb 


' : Lak i 


¥ 


eseinore to tedmun tao%y 8 toTt TeTIue Jon avob coffaoca 


‘moo delttgasa edT .evoltee ytev el ono yIao ,nat mon? ebiaay 
efits are Co el exnnet olttemydiead baa olidqatpoeg eff vt 
folians oe: eteutionm etdt to sesie Ife noqu yiives! syeupe 


erel ent Dow .Neltrade tentel add yd becago efinas ow 
ot tootduea Sta gilede gateole yLinnis s gnblosl ‘ons aoe 
witalianae ent to nohdtoe act ond od bee deltrtode toLfema vd sone 
-atotabe my toptal eit Yo alam 


“tod oft 10 sefoega yd bebote eta goifece atv to soviav off og . 
“aae gaixee «malo yatiod edt yd bas aotio nue, egaoge 
maar e: wienols tos. gon aeab dud wfiede ait enowlaen noliane 
ten nolecote sevlieneixe eton @adt Develfod al JT. of 
hag wourtss Joa esob #2 wavsaosd atedto teom at necid tout fon & 


no antwevoo awsfroltue avitoedongq edamspebs ma eiloal If eon 


ereaiew of? ysaliostie saoltifdes estevba yidanolsesiip tedd0 
mo nieubivibal bestanebny lo gnifbasd ed’ :ete qolfeoa eft 
epherh eid lo dofdos afd yreddsew otea-due af yitstooqgee 
poinessif ban ;eonte (iene antywd Bae motdod eid anidivie Bt 
naibfomia yi besuro aleulfou ait Yo enokiaoq etdasw dilw ebed eit : 
eabedt oft Ovo” 7% 


eqolleos evil to elfede edd Yo atnatidedal nommoo Innere’ 
oT 


are such bottom fish as the rock eels, sea snails, and young 
squirrel hake. As far as is known, these forms do not harm the 
mollusks in any way. 


‘Sea scallops exist in accumulations generally known as 
beds, the location of which seems dependent unon the nature of 
the currents and the topography of the bottom. The beds gener- 
ally occur in a long, elliptical shape, lying lengthwise paral- 
lel to the current and in a bottom area of lower elevation. 
They are found on all types of bottom, from coarse rocks to mud, 
but setting of the early stages occurs more favorably on gravelly 
or rocky bottoms. 


The range of this mollusk is from northeastern Canada to 
just south of +ong Island, and its optimum range appears to in- 
clude the coast of Maine and especially Georges Bank. The bathy= 
metric range is from one to 150 fathoms, while dead shells have 
been found as deep as 400 fathoms, 


The free-swimming ability of the sea scallop has given op- 
portunity for many suppositions concerning its possible migratory 
habits. Many scallop fishermen tell of mass evacuations of fav- 
orite beds, while just as many can tell of the sudden occurrence 
of beds where none formerly existed. Investigations so far have 
been able to show only movements from shallow into deeper water. 


The sea scallop fishery in Maine is believed to have started 
in the town of kit. Desert on Mt. Desert Island in 1884, The 
principal dredging grounds were soon extended to include the 
area between the Sheepscot River and Mt. Desert Island. The 
dredging gear in use at the time was very light, consisting gen- 
erally of oyster dredges or various modifications, attached by 
rope and moved by either hand or sail, so the more shallow beds, 
down to six or eight fathoms, were vreferred. 


The scalloping season at this early period depended chiefly 
upon the proximity of the market. ‘hen there was good local 
demand, the fishing continued all year. When only the distant 
markets were available, the season depended upon the cold weather 
which furnished protection for the shipments. The principal mar- 
ket at this time was Boston, with smaller amounts going to Maine 
cities and to New York and Philadelphia, 


During this period, the existence of beds in deeper water 
was known, and the need for improved gear for fishing them was 
recognized. The United States Fish Commission had demonstrated 
that a beam trawl was the most successful type of gear, except 
that smooth bottom was required to vrevent tearing the net. 


The present fishery takes place during an open season from 
November through iJarch and furnishes valuable supplementary in- 
come for the many lobster fishermen who do not continue their 
work through the winter months. Waine has scallop beds along 
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the major part of its coastline, but those of principal produc- 
tion occur from Penobscot Bay eastward. Considerable advances 
have been made in the type of gear and methods used. The ma- 
jority of vessels are in the 30- to 40-foot class and have been 
converted from lobstering to scalloping by the installation of 
a winch, mast, and hoisting gear. 


Ich heavier dredges are now in use. One of the two prin- 
cipal types employed has a mouth six feet wide, preferred for 
middy bottom, and the other is made up of two dredges, each with 
a three-foot mouth, attached side by side to the same yoke, and 
preferred for rocky bottom. The bag of a dredge has an iron 
ring mesh on the bottom, and a twine mesh above. 


Towing is done by means of wire cable running to the winch 
on deck. By means of this gear, beds down to 50 fathoms are 
easily fished. Tows of up to a mile are made, depending upon 
the character of the bottom and the abundance of scallops. The 
dredge is hauled up, its load dumped on deck, sorted, and the 
scallop meats shucked out while the next tow is being made. host 
trips are of only one day's duration. 


In port, the fresh product is sold, either to local ree 
tailers, or to wholesalers. In 1948, a little over 450,000 
pounds of meats were landed in Maine, and sold at about 0.48 
per pound. In 1949, over 500,000 pounds were landed, and sold 
at about »0.55 per pound. It may be seen that, far from being 
merely a business, supplemental to summer lobstering, the Maine 
scallop fishery is one of the state's important sources of in- 
come for fishermene 
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Report on Various Tests on Bottoms for Oyster Planting 
By 
William H. Dumont Y 


At last year's convention, Mr. Allen Sollers of Maryland 
spoke on testing of potential oyster bottoms or grounds by the 
use of a sounding pole. The success of this method is based on 
the experience and judgement of the person with the pole. If 
several bottoms were tested by three or more people, there would 
be general agreement on many of the types of grounds tested, but 
on some, there would be wide disagreement. 


The old Bureau of Fisheries decided in 1929 to try and work 
out laboratory methods whereby bottoms suitable for oyster cul- 
ture could be distinguished from those which are not. At that 
time there was no one test or tests which could be made quanti- 
tatively and on an unbiased basis, It was hoped that such tests 
could be found or devised. The tests I will describe were car- 
ried out in 1930 and 1931 in one of the old Bureau of Fisheries! 
laboratories. If a large number of samples are to be examined, 
the tests should be performed in a minimum of tie and with as 
simple equipment as possible. 


TYPES OF OYSTER BOTTOMS: ‘hat are the types of bottoms 
used for’oyster culture? Our sampling has shown that in Dela- 
ware Bay, the inshore grounds are sandy muds while the off-shore 
grounds are mostly sands. Egg Island Bar is not planted now, 
because the sand on the top of this bar will shift during a 
storm. 


In Miaryland, we found that sands, hard and semi-soft muds 
were in use for the cultivation of oysters. In Virginia, hard 
clay, sand and soft bottoms are being utilized. In some parts 
of the York River and on the south side of the James River, the 
bottoms are so soft that it is necessary to plant 800 to 1200 
bushels of oysters per acre, for if a lesser amount were used, 
the oysters would sink and be lost. Oysters can be taken only 
by tongs, since dredges would break through the thin upper layer. 
Local oystermen often first plant shells to stiffen the top be- 
fore seed oysters were planted. Yet nearby there are other bot- 
toms which, from experience, the oystermen have found could not 
be used for oyster planting, although treated in the same way. 


In Mobjack Bay, the upper part of the planted area is soft 
mud, while the lower part is a sandy mud. 


Former Scientific Assistant, Shellfish Investigations, Bu- 
reau of Fisheries; now Chief, liarket News Section, Fish and 
Wildlife Service. 
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In Georgia and parts of South Carolina, below the low water 
mark and on what is known as the “ebb tide” side of the creeks 
and streams, the bottoms are hard clay and sands. Between tide 
marks and on the "flood tide" side of these creeks, the bottoms 
are of the soft and very soft mud types. Oyster planted on the 
lattcr type will disappear over night. Only clumps of coon oys- 
ters are found there. 


I have not sampled the oyster grounds of Long Island, Con- 
necticut, or Rhode Island, so can not include their types. 


Dr. Paul Galtsoff collected the first series of 47 samples 
in 1925 from bottoms in Georgia while making a survey of the 
possibilities for utilizing certain creeks and streams for oys- 
ter culture. These were classified, from the field notes, as 
(1) suitable for oyster culture--hard muds and sticky muds, (2) 
probably suitable--sand and mud, and sand and sticky muds, and 
(3) unsuitable--sand, shifting sand, soft mud and very soft mud. 
These bottoms were mostly unproductive. 


A preliminary mechanical analysis by the beaker method of 
Thoulet (1) was made on 14 of these Georgia samples in 1929 by 
H. F. Prytherch. These seemed to show some relation between 
the amount of clay (particles less than .005 mm. in diameter) 
and the hardness of the bottom, 


In the beaker method by Thoulet, no oxidizing agent is used 
to remove the organic matter and no dispersing agent to aid in 
the separation of the silt and clay from the sand. Mechanical 
analysis is supposed to separate the various grades of sand, from 
the silt and clay. Mechanical analysis by Thoulet's method was 
mafl’ in 1930 by the writer on all 47 Georgia samples. In this 
first series, the mechanical analysis of these Georgia bottoms 
did not show any correlation between the amount of clay present 
and the suitability of the bottom for oyster culture. 


A more detailed mechanical analysis was made in the U. S. 
Bureau of Soils laboratory on 8 of these same samples, using 
the pipette method and a dispersing agent. Three of the samples 
were from the hard mud and one of sand and mud, from the suitable 
bottoms, and 4 from the soft mud or unsuitavic bottoms, The re- 
sults showed that in six of the 8 samvuies, the benker method 
gave a lower clay content than by the clipette merhod. it also 
showed that a dispersion agent was resescery te obtcin accurately 
the amount of silt, clay and colloidal clay, 


ad 


But all these samples in the first series had heen air dried 
for 5 or more years and were from unproductive Lottoms in Georgia. 
To check this further, a second series of £8 bettcom samples was 
collected from known oyster producing grounds axnd irom adjacent 


barren bottoms. These were taken in New Jersey, Maryland, Vir- 
ginia and Georgia in 1930 and 1931. These were grouped as (1) 
oyster producing gsrounds--hard mud, sand, and soft mud, and (2) 
non-producing bottoms--shifting sand, soft mud and very soft mud. 
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Of the oyster producing grounds, the hard mud type was rep-= 
resented by only one sample from ebb-tide side of Jointer Creek, 
near where it joins Deep Creek. This is near Brunswick, Georgia. 
Sandy samples were collected as follows: 2 from the Patuxent 
River in Maryland; 2 from Delaware Bay in Outer Deep water and 
near Egg Island Bar; and 1 from south side of York River, Vir- 
ginia, Sandy mud samples: 2 in Patuxent River, Md.; 1 from 
Piankatank River, Va.,; and 2 from Niles' grounds in Lower:lMob- 
jack Bay, Va.; and 1 from Inner Deep Water in Delaware Bay, N.J. 
Soft mud bottom samples were from: 1 from Solomon's Island Har- 
bor, Md.;l each from Miles and Darlings! grounds in upper Mob- 
jack Bay; 1 from Piankatank River; 1 south side of James River 
on Nansemond Ridge, Va.; and 1 from a ground off kenney's Point 
in liaurice River Cove section of Delaware Bay, N. J. 


Samples of the non-productive or barren bottoms were: Shift- 
ing sand type: 1 sample each from gg Island Bar, Delaware Bay; 
the bar at mouth of: Patuxent River, NMd.; and from Jointer Creek, 
Georgia. Sandy mud, 1 from upper liobjack Bay, Va. Soft mud 
type: 1 from Back Creek, near Solomon's Island, and 1 from Solo- 
mon's Island Harbor. Four samples of the very soft bottoms: 

1 each from the channel into Maurice River, N. J.; the channel 
of North River, Vas; off Barrel Point on south side of James 
River, Virginia: and on flood tide side of Jointer Creek, Georgia. 


The mechanical analysis, using the pipette method and on 

undried samples, was made on these 28 samples. The results con- 
firmed, with two exceptions, those obtained from the first se= 
ries, that is: there was no correlation between the clay con- 
tent and the suitability of the bottom for growing oysters. The 
exceptions were the hard mud from the ebb tide side of Jointer 
Creek, Georgia, where oysters were growing, and the very soft 
mid from the flood tide side of the same creek and where no oys- 
ters were growing. Both samples were taken with 50 feet of each 
other. liechanical analysis showed that there was very little 
difference in the amount of sand or in the colloidal clay. We 
had this checked by the U. S. Bureau of Soils which ran addi- 
tional tests. The only difference it could find between these 
two samples was in the amount of organic matter. It stated that 
both samples were of the very soft muck type and unstable. ie 
had the U. S. Bureau of Public Roads test these two samples. 
It reported that both samples represented colloidal clay soils 
of very unstable variety. This lack of stability, as shown by 
the shrinkage test, was "caused by the presence of some highly 
porous material, possibly organic matter." 


Next we took these two Georgia samples to the petrological 
division of the U. S&S. Geological Survey. It found that the part 
designated as clay in both samples was composed mainly of dia- 
toms and with a size several times greater than true clay par- 
ticles. 


But the estimate of clay by mechanical analysis is based 
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on the assumption that the settling particles are spherical, 
The examination of the Geological Survey showed that, for these 
two samples, this was not true and that the percentage of clay 
was too high. 


The tests of both the Bureau of Soils and the Bureau of 
Public Roads were made on air dried sanples, using distilled 
water. No consideration was given to the various salts present 
and their possible effect on the physical properties of the 
bottoms. The organic matter may act as a protective coating 
on the clay particles, and thus prevent them from coagulating. 


In general, mechanical analysis did not tell the differ- 
ence between suitable and unsuitable bottoms for oyster culture. 


All the tests on these two Georgia samples classified them 
as being alike. But one was a hard clay or mud and the other was 
very soft mud. The difference must be in the colloidal clay par- 
ticles which comprised over 60 per cent of the entire sample. 

In the very soft mud type, each clay particle was separate and 
seemed to have no affinity for each other, while in the hard 
clay sample the colliod clay particles stuck together and co- 
apulated or acted as a binder to the silt and sand. We have 
something like the same thing in agricultural soils. ‘Some will 
erode easily while other soils are non-erosive. The Bureau of 
Soils has worked for many years on why there is this difference 
between certain soils. Middleton (2) and his co-workers have 
found that, of the chemical and physical properties, those hav- 
ing the greatest influence on soil erosion, were: the disper- 
sion ratio, the erosion ratio, the silica sesquioxide ratio and 
the ratio of colloid clay to the centrifuge moisture equivalent, 
Non-erosive agricultural soils have a dispersion ratio of 15 or 
less while soils which erode easily have a higher ratio. As 
well as mentioned later, the same ratio seems to hold true for 
oyster bottoms. 


In our discussions with various Federal agencies which con- 
ducted the different tests on these two Georgia samples, we 
learned of the tests worked out by the Bureau of Public Roads 
for the testing of subsoils in roadbuilding. 


It also found that mechanical analysis in itself told nothe 
ing about the physical properties of the soils. It worked out 
a large number of tests which have since been reduced to seven 
simple ones, which, taken together, show what may be expected 
of a soil for road construction. These tests can be made in a 
much shorter time than the mechanical analysis of the Bureau of 
Soils or that used in our laboratory. These seven tests are: 
mechanical analysis by the hydrometer method, lower liquid lim- 
it, plasticity index, shrinkage limit, shrinkage ratio, centri- 
fuge moisture equivalent and field moisture equivalent. From 
results obtained in the field and with these tests, the Bureau 
of Public Roads, (now known as the Public Roads Administration) 
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has worked out a classification of soils for road building. ‘le 
requested the Bureau of Public Roads to try its subsoil tests 

on these two Georgia samples. These tests immediately showed 

a large difference between the hard clay productive bottom and 
the very soft unproductive bottom. As a further check, 21 other 
samples from the second series were tested by the Bureau of Roads 
and also in our laboratory. 


These tests for subsoils are relative easy, can be made 
within a comparatively short time and do not require a large or 
elaborate amount of equinment. I will not describe or discuss 
these tests, since anyone interested can obtain the procedures 
from the June and July 19351 issues and the February 1942 issue 
of Public Roads, published by the Public Roads Administration, 
washington, D. C. 


The hard clay bottom from Georgia had a dispersing ration 
of 8.8 while all the other samples were above 37, The erosion 
ration for this hard clay was 18.8, with all the others above 
50. This is what would be expected and agrees with what Middle- 
ton (2) of the Bureau of Soils has classified as a non-erosive 
agriculture soil. The dispersion ratio distinguishes between 
the hard muds and the other types of bottoms. The plasticity 
index spotted the sands and the sandy muds. None of these 
tests seem to make any differentiation between the productive 
sands and sandy muds, and the unproductive shifting sand or sandy 
mid bottoms. The dispersing ratio, the lower liquid limit, plas- 
ticity index and field moisture equivalent seems to separate the 
soft productive oyster bottoms from the soft unproductive bot- 
toms. The erosion ratio, centrifuge moisture equivalent and 
field moisture equivalent may be useful to teli the very soft 
unproductive bottoms from the soft bottoms. Byt the chief value 
of the constants obtained in these tests seems to be in the re- 
lations existing between some of them rather than in the magni- 
tude of the individual constants considered separately. 


The relation between the lower liquid limit and four of the 
other test constants (plasticity index, shrinkage limit, centri- 
fuge moisture equivalent and field moisture equivalent) show 
these differences more clearly. 


But not enough sauples of hard clay or mud bottoms have 
been tested to make a definite statement that these differences 
will be found for all types of hard oyster bottoms. This work 
had to be discontinued in 1931 as the writer was transferred to 
other work in another Section of the Service. As to the other 
types of bottoms, the results on the 25 sanples seem to indicate 
that many of these subsoil tests may be useful in classifying 
marine bottoms into definite groups. 


A table has been prepared showing the range of constants 
as found by these various subsoil tests for these 23 samples. 
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Based on these constants, a tentative classification has been 
proposed. 


1. (a) Dispersion ratio below 15 wscccoeeccccecseoee hard muds 


(b) Dispersion ratio over 15 cesecececcecccresees SEC ZL 


2. (a) Field moisture equivalent below 350, and plasticity 
index below 10 eeeeaeoveveeeveenenve2e2e2 0020282808202 0780878 8688 see § 


(bo) Field moisture equivalent over 30, and plasticity 
index over ou eeooovuveeceeonveeoeee2e2928 002880800878 8 88 see 4 


S. (a) Shrinkage limit above 15 ssescsescocesccescoes Sandy muds 


(o) Shrinkage limit below 15 (generally below 10).sands 


4, (a) Dispersion ratio 50-77; plasticity index 20-26; field 
moisture equivalent 50-45 weceseee Sott productive muds 


(b) Dispersion ratio 77-85; plasticity index 26-32; field 
moisture equivalent 44-50 ......e. soft non-productive muds 


(c) Dispersion ratio 35-60; field moisture equivalent 50 
and up; centrifuge moisture equivalent 63 and up oo. 
Pub cvarecevemeenretvuncesn VERY Sort non=productive muda 


SUMMARY: Mechanical analysis by the two methods used is 
not an aid in distinguishing the type of bottoms suitable for 
oyster culture. There seers to be no correlation between the 
character and size of narticles and the consistency of the bot- 
tome 


The tests devised by the Public Roads Administration for 
subsoils seems to be the most promising ones available at pres- 
ent for telling the various tvpes of bottoms. With more sam- 
ples from the different types of oyster grounds in all sections 
of the country, it may be possible to work out an accurate basis 
for analysing them in the laboratory on a scientific scale. 


It is known that other oyster research investigators have 
considered various methods and tests for oyster bottoms. It is 
honed that the tests described in this paper may be of assistance 
to those who may have an opvortunity to carry further this line 
of research. 
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A Brief Report on the Texas Oyster Investigation 


by 


B. Bs Baker, Jit". 
Texas Game, Fish and Oyster Commission 


Natural production of oysters in the bays of Texas has 
become a thing of the past in view of the tremendous decline 
from 200,000 barrels produced in 1904 to about 7,000 barrels 
produced this past year. Cverfishing and neglect of the reefs 
is probably the principle factor for this decline and the es- 
tablishment of systems of commercial cultivation appears to be 
the main solution to the problen. 


The sheltered bays along the Texas coast provide a suit- 
able habitat for oyster cultivation and though the environment 
is in many respects dissimilar to that of the Eastern Seaboard 
intelligently conducted cultivation should produce marketable 
harvests in quantity. 


Since 1947 members of the staff of the Marine Laboratory, 
Texas Game, Fish and Oyster Commission, at Rockport have been 
engaged in a research program designed to secure data on growth, 
mortality, spawning and spatfall, enemies, and the physical 
environment of oysters as an aid to the determination of suit- 
able culture methods. 


As a preliminary step in this investigation, six one acre 
plots containing varying amounts of transplanted seed oysters 
were established. These plots were located to include as many 
variations in bottom and hydrographic conditions as possible. 
Periodically growth measurements, mortality rates, salinity, 
temperature, and spawning observations were made. Results on 
the whole were not favorable although in several areas the loca- 
tions chosen were for the purpose of determining the extent of 
utilization of poor quality bottom. Mortality was generally 
high, raging around forty per cent and in one location several 
plots were decimated by the oyster drill (Thais floridana flori- 
dana), Average growth over about a six month period amounted to 
approximately one-half inch increase. 


In 1948 two types of cultch were placed at one location, 
these being dry shell spread evenly over the bottom and bundles 
of bay brush anchored to concrete blocks. By August of that 
year the shell showed a catch of over two spat per shell and one 
year later an average catch of over one spat per shell. Due to 
rapid fouling by algal growth, the brush collected practically 
no set, however, it is believed that under more suitable condi- 
tions a satisfactory strike could be obtained on this type of 


cultch. There was little spat survival because of drill depre- 
dation. 
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During the season of 1948-1949 three additional seed plots 
were eStablished using specially constructed dredging equipment 
which materially reduced the cost of this operation. Mortality 
was somewhat less than the pre vious year, averaging around 
thirty per cent and the growth rate remained at about the same 
average. Approximately 7,000 adult oysters were placed on a sea 
rack in November, 1948; examination the following year showed an 
excessive mortality by drills and probable trespassing. 


Shell bag spat collectors were placed in an area of heavy 
spat fall during August, 1949, with counts being made every few 
days until early October. The average set per shell ranged as 
high as sixteen spat. Similar collectors are being used this 
season but examined on a monthly basis, the initial set aver- 
aged around eight per shell and at the end of three months had 
increased to about twenty spat, measuring up to one inch in 
length. Plankton analyses have been made regularly throughout 
the area with particular reference to the abundance and distri- 
bution of oyster larvae. This year emphasis is being placed upon 
this phase of the investigation. Straight hinge larvae have 
been observed as early as March and there is the possibility that 
Spawning may continue into November. In all bays under study ex- 
cept one, the spatfall appears to be adequate if not excessive 
although mortality rates are often high, probably due, in some 
instances, to the relatively high summer water temperature in 
shallow depths. 


During January of this year a survey was made, with the 
greatly appreciated assistance of Dr. Philip A. Butler of the 
U. S. Fish and Wildlife Service, of a number of reefs in eight 
of the bay areas. This survey showed strongly the deplorable 
conditions existing on many of our natural reefs as relatively 
few indicated capabilities of producing market oysters. After 
consulting with Dr. Butler, a series of recommendations were 
considered for the long-term objectives of this research pro- 
gram. The objectives adopted are as follows: 


1. Further study of the environmental features is neces- 
sary to determine areas suitable for the cultivation 
of marketable oysters, together with investigation of 
the costs and methods for improving and expanding na- 
tural reefs as well as for establishing new reefs. 
Data on the physical and biological factors pertain- 
ing to oyster quality and productivity should be ob- 
tained. 


2. It will be necessary to evaluate properly the existing 
and potential oyster resources. Surveys should be made 
of the size and location of existing reefs with analyses 
of their population. 


5. Factors affecting oyster culture should be studied 
where localized problems in pollution may occur. 
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4. Investigation of the fundamental aspects of oyster 
biology and the devising of experimental techniques 
to verify or evaluate field observations are necessary 
parts of this investigation. 


5. Dissemination of scientific data so collected should 
be made available to the public and to legislative 
bodies for their information in enacting conservation 
laws relating to the oyster. 


Naturally the mechanics of conducting this investigation 
are large in scope, however, proper collection and evaluation 
of data should result in the achievement of a better understand- 
ing of the problems in oyster production on the Texas coast. 
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Recent Observations on the Season and Pattern of 
Oyster Setting in the Middle Chesapeake Area 


by 


G. Francis Beaven 
Chesapeake Biological Laboratory 
Solomons, Md. 


In order to carry out effectively an extensive shell plant- 
ing program much detailed information on the normal distribution 
and time of spat fall is needed. Maryland inaugurated a state 
shell planting program when few data of this nature were availa- 
ble for local bars. No records were kept of the set received 
by most of the earlier plantings and only during the past ten 
years has an attempt been made to examine and record systemati- 
cally the effective set found upon all state shell plantings 
at the end of each spawning season. Counts of the spat re- 
ceived by natural cultch on representative bars throughout the 
State also have been made on an increasingly widespread basis 
during recent years. Accumulation of such data was begun at 
Solomons and has now been expanded as part of an extensive pro- 
gram participated in jointly by personnel of this Laboratory, 
the Department of Tidewater Fisheries, the Fish and Wildlife 
Service and the Virginia Fisheries Laboratory. 


The time of oyster setting can readily be determined by 
the usual method of exposing spat collecters at intervals dur- 
ing the spawning season and examining them microscopically. A 
number of excellent studies of this nature in the Chesapeake 
area have been made and published. Spat collecters also are 
useful in indicating the potential set which might be obtained 
at various locations through properly timed shell plantings. 
Accumulated data have shown that, upon the many diverse bars of 
the Chesapeake area, the season and pattern of setting may vary 
markedly from place to place and from year to year. I1t is likely 
that changes in the amount and location of brood stock which 
result from harvesting operations may further change the trend 
of setting. Continued and extensive observations of setting are 
needed in order that the most effective use may be made of planted 
cultch in this region where production of sufficient seed oys- 
ters is a major problem. Studies of the many factors which may 
control the wide variations in setting are being made by numer- 
ous workers in this and other areas. Comparison of setting re- 
cords affords one of the means by which factors which influence 
general setting trends may be found. 


The year 1949 may be classed as one of somewhat better than 
average set over mich of the Chesapeake oyster area in Maryland. 
The accompanying chart (Fig. 1) shows the average spat count per 
Maryland bushel for different regions of the State. Most of 
these counts were made during the late fall and winter months 
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when the spat were generally around an inch in length. Ina 
few instances the figures may represent only one or two bars 
but most of them are averages for a number of bars for which 
details cannot be shown on a chart of this size. It will be 
noted that setting was very poor along the upper Western Shore 
of the Bay and in the major rivers except near their mouths. 
The tendency towards higher setting along the eastern side of 
the Bay agrees with observations of previous years. It is in 
accord with the findings of Dr. Nelson in Delaware Bay where 
he attributes the distribution of oyster larvae to the diver- 
sion, in the northern hemisphere, of the entering wedge of salt 
water along the bottom of estuaries towards the right bank as 
the denser water moves upstream. This diversion is a physical 
result of the spinning of the earth. The Potomac River and a 
few of the larger tributaries show a similar trend in setting. 


Newly planted shells usually receive a heavier set than do 
old shells which have become weathered and heavily coated with 
fouling organisms. Certain areas in Maryland whose past record 
indicates satisfactory setting and which possess sufficient 
acreages of suitable bottom have been designated as seed areas. 
Large plantings of shell are made annually by the State in these 
areas later to be transplanted to good growing bottom after re- 
ceiving a satisfactory act. Other bottoms of smaller acreage 
where moderately good sets may be exvnected are shelled lightly 
and the resulting catch left to mature without transplanting. 
Pigure 2 shows the set received in 1949 on all shell plantings 
of that year with the four areas designated for seed production 
so marked. It will be noted that the seed area in Eastern Bay 
failed to receive sufficient set to be utilized as seed. Also 
certain plantings not intended for seed production received too 
many spat to mature into the most desirable type of market oys- 
ter unless thinned by transplanting operations. In general the 
spat counts on planted shell were considerably higher than those 
made on old cultch in the same areas. 


Periodic exposures of experimental cultch, mostly in the 
form of clean oyster shells in duplicate wire bags, have been 
made in various parts of the Chesapeake area by the several re- 
search agencies. Special emphasis has been placed upon seed 
areas in order to indicate how better timing and placement of 
shells might produce higher sets. 


Figure 3 shows graphically the time and intensity of 1949 
oyster setting upon test shells at four Maryland localities. 
All shells were reasonably clean ones selected from a commer- 
cial shell pile but were not specially washed. They were ex- 
posed in random positions in small chicken wire bags. Ten ran- 
dom inner shell faces from each bag were examined under low 
power binoculars after exposure. The area of each shell face is 
recorded and the results have been expressed as spat per day per 
shell inner face of a standard area of 50 em.” Parker Moore is 
a typical bar in the Chesapeake just above the mouth of the 
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Patuxent River. It is a dredging bar and is still in produc- 
tion. The Swash is a productive tonging bar just inside the 
mouth of the Patuxent River. Both of these have a relatively 
poor setting record although the set of 1949 is somewhat above 
the recent average. Holland Straits is an extensive shallow 
water area lying between low marshy islands which separate the 
Chesapeake Bay from Tangier Sound. It is about 15 miles above 
the Virginia line and is being used as one of the state seed 
areas. Seminary Bar lies in the St. Mary's River, a tributary 
near the mouth of the Potomac, and has produced the best sets 
during recent years of any of the state shell plantings. The 
intensity and time of setting in these four areas illustrate 
typical variations which may be expected among the various bars 
in the Chesapeake area. 


Seminary Bar has been planted repeatedly with shells for 
seed purposes during recent years. Fig. 4 shows the setting 
for the past five years on shells exposed in test bags. The 
commercial set on the state shell planting is indicated at the 
right. The season of setting on this bar has been rather con- 
sistent from year to year although the amount of set has varied. 
As information on the time of setting of spat and of certain 
fouling organisms has become available, the time of shell plant- 
ing has gradually been shifted until most shells have been 
planted just prior to the beginning of heavy spat-fall during 
the past two years. There is indication that this policy has 
resulted in a more effective utilization of the potential set 
shown by test shells. Extremely heavy initial setting, however, 
will not necessarily produce a higher commercial set due to 
mortality caused by overcrowding. 


The entire St. Mary's River comprises one of the highest 
setting areas in Maryland. Fig. 5 shows the 1950 set on 3 
bars where shells have been planted at various times for seed 
production. The intensity of setting this year increased to- 
wards the upper portion of the River. Counts of set on scat- 
tered shell plantings of previous years show the same trend of 
increasing set upstream. Data showing a more detailed distri- 
bution of set over this area and over the Holland Straits seed 
area have been gathered, 


Qualitative surface plankton samples have been taken in 
those area where shell bags were exposed. They have shown an 
abundance of oyster larvae prior to and during the period when 
heavy setting occurs. Areas receiving little spat fall have shown 
few larvae present in the plankton. From a number of years of 
observation, it seems characteristic in the Solomons area that 
extremely light setting tends to be scattered over a long per- 
lod often extending from early June into October. In the high 
setting St. Mary's River seed area spawning and setting are 
peaked into a two to three week period. In the first instance 
above, many oysters retain their spawn throughout the season 
and into fall or sometimes into early winter, Oysters in all 
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stages of spawning may be found during the summer. In the latter 
case, practically all oysters seem to be almost completely 
spawned out after the setting peak has passed and remain thin 
until cold weather. 


The areas of high setting typically are rather landlocked 
and with less exchange of large water masses than are the por- 
tions of the open bay and large rivers where sets are usually 
poor. Brood stock characteristically is in more densely popu- 
lated groups and probably is more abundant in proportion to 
the water volume present. Such conditions may influence the 
trend towards higher setting. Until more knowledge is gained 
of the factors controlling setting, a more complete utilization 
of bottoms whose record indicates favorable setting conditions 
coupled with retention of well populated areas of brood stock 
in them seems to offer the best means of increasing production 
of seed oysters in Maryland. 
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Influence of Seasoning and Position of Oyster 
Shells on Oyster Setting 


by 


Fred W. Sieling 
Department of Research and Education 
Solomons, Md, 


The settlement of oyster larvae, which is a critical phase 
in their life history, has been studied here and abroad for many 
years with somewhat conflicting results. Nelson in 1926 found 
in studying the spat fall of Ostrea virginica a ratio of 10:1 
in favor of the underside of cultch. Hopkins (1935, 1937) found 
a ratio of 300:1 in favor of the underside of glass plates when 
working with O. lurida. Bonnot (1937) found that 0. lurida 
showed no preference between top and underside of collectors 
used. However, he qualifies this by saying that this may have 
been caused by turbulence created by the type of collectors used. 
Prytherch (1928) said that OQ. virginica set heaviest near the 
bottom and on the lee side of his collectors, Korringa (1940) 
observing 0. edulis under field conditions found that spat 
settled heaviest on the upper surface of his test plates. Cole 
and Knight Jones (1940) found similar results with glass plates 
immersed in test tanks where 0. edulis brood stock was kept. 
However, theyfound in 1949 that 0. edulis larvae set more heav- 
ily on the underside of cultch and that this was due to their 
habit of swimming upward and settling on the underside of any 
object under which they were trapped. They felt however, that 
their results, although in favor of setting of spat on the under- 
side of cultch, were not completely conclusive and that other 
factors strongly influenced the setting habits of QO. edulis. 


As regards the seasoning of shells, Cole and Knight Jones 
found that larvae set more heavily on shells which had remained 
uncleaned for a period of two or more weeks, and which had a 
film of bacteria and diatoms, than on shells which were cleaned 
frequently. Those shells which were heavily fouled with sessile 
organisms were greatly preferred by the oyster larvae over clean 
shells. This data is quite conclusive regarding the preference 
of O. edulis larvae. They found that silt was the critical fac- 
tor in assessing the suitability of cultch. Zobell and Allen 
(1955) suggested sessile organisms prefer to attach themselves 
to surfaces covered by a bacterial film rather than a sterile 
surface. Coe and Allen (1937) found that larvae of O. lurida 
preferred glass plates that has been used to those which were 
freshly cleaned. Scheer (1945) also suggests that the presence 
of a biological film favors the attachment of certain sessile 
forms. Undoubtedly many ecological factors affect these re- 
sults and give different answers in different geographical loca- 
tions. There has been no mention of any work done in the middle 
Chesaneake area in any of the literature and so it seemed ad- 
visable to make an investigation in that area. 
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why 


These conflicting findings and the lack of evidence concern- 
ing the larval behavior of O. virginica led to the simple experi- 
ments which are now described. The first investigation was to 
test the efficiency of shells which were seasoned in sea water 
for varying periods of time before being exposed to numbers of 
larvae of O. virginica. Clean shells were immersed in the Patux- 
ent River where almost no natural set occurs for periods of 58 
days, 25 days, and 9 days before being exposed in the St. Marys 
River where large numbers of larvae were known to be present. 
These exposed shella were carried over to the St. Marys River 
while immersed in large cans of water and placed in the seed 
area. At the same time clean shells were placed at random in 
14 inch mesh wire bags and suspended just above the bottom in 
water of four to five feet in depth. These shells were exposed 
for seven days at the height of the setting from July 7 until 
July 14 (Beaven 1950) in the seed area. Unfortunately, the shells 
exposed for 23 days were lost as a result of tampering. How- 
ever, the other bags were recovered and ten shells removed from 
each. 


These shells were examined carefully under a microscope 
and all spat, barnacles, and bryozoa counted. Duplicate bags 
of shells were examined for each length of exposure so that 
twenty shells were examined for each length of time they were 
exposed. Each shell was measured as it was examined and the 
area in square centimeters calculated. In the results a stan- 
dard unit of spat per 500 sq. cm. is used in comparing the num- 
bers of spat setting on the different groups of shells. 


The results obtained are not conclusive but are suggestive. 
The work should be repeated and expanded another year as the 
abrupt ending of the setting precluded the continuing of the 
work this season. 


Table I 
Time of Exposure Spat per 500 sqe cm. Remarks 
in Patuxent River ; ub . 
57 days 140 Heavily fouled with 
Barnacles, Bryozoa 
9 days 110 Lightly fouled with 
Barnacles, Bryozoa 
Clean shells 165 Clean shells 


The data show no significant differences between the heavily 
fouled shells and the clean shells and so suggest that more work 
should be done along this line. Insufficient as the data are, 
they throw some doubt on the value of clean cultch in obtaining 
a good set if the cost of getting the shells down just before 
the set is much greater than planting the shells at a more 
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convenient and earlier date. In some areas there may be consid- 
erable difference in labor costs at different tines of the year. 


The second experiment was to determine whether larvae pre- 
ferred the upper or under surface of cultch which was placed 
horizontally in the water. To test this preference shells were 
placed, after being scrubbed carefully, in specially made wire 
mesh bags in which each had a flat piece of asphalt shingle 
fitted. The scrubbed shells were placed carefully in the bags 
which were fitted with a harness to keep them flat as they were 
lowered into the water so that the shingles would lie under the 
Shells and on the bottom. These bags were exposed in the St. 
Marys River for the same seven day period as those described 
in the first experiment. 


In two of the wire bags the shells were placed cup side 
up, in two other bags the shells were placed cup side down. 
After exposure these shells were carefully examined and all 
oyster spat, barnacles, and bryozoa counted on both sides of 
the shells, Each bag contained ten selected shells of uniform 
size and their area in sq. cm. was determined. These shells 
were exposed at the height of the setting season for seven days 
in 4-5 feet of water on a natural oyster bar. 


The results of this experiment are given in tabular form 
and are converted to the standard unit of spat per 500 sq. cm. 
From this data it can be seen that the larvae showed a clear 
cut preference for the underside of cultch. The upper side of 
the shells did not show any noticeable silt which would have 
hindered the setting of the larvae. 


The difference in the number of larvae setting on the backs 
and the faces when both were the undersides may possibly be 
attributed to the backs actually having a larger area than the 
faces of the same shells, this difference being caused by the 
irregularities of the surface of the back of the shell. 


It was noted also that barnacles set in almost the same 
proportion as the spat and showed the same preference for the 
underside of cultch. Bryozoa seemed to show no preference in 
their setting habit. 


TABLE II 
Shells placed Spat per 500 Barnacles per Bryozoa per 
face up Sg. cm. Sqe Cm. SQ. Ch. 
Faces 90 Ded 50 
Backs 530 


Shells placed 
face down 


Faces 280 25 EAS, 
Backs 85 
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The preference shown by larvae of O. virginica toward settle- 
ment on the under side of cultch agrees with findings of Nelson 
(1926) except in somewhat lower ratio. The average set on the 
underside was 405 per 500 sq. cm. and the average on the upper 
Side was 87.5 spat. This agrees with Nelson except the ratio 
is about 5:1 instead of 10:1. in favor of the underside. This 
also agrees with the finding of Knight Jones and Cole. 


There is an interesting comparison between: the shells which 
were scrubbed and placed carefully in the bags and those shells 
which were not scrubbed and placed at random in the bags. This 
showed the scrubbed shells receiving, when both upper and under 
sides were averaged, a set of almost twice as many spat per 500 
Sqe cm. as the unscrubbed shells received. 


This data was intended as a preliminary study and it is 
hoped that the work may be continued another year and more con- 
clusive evidence gathered. 
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The Selection of Food by the Common 
Oyster Drill, Urosalpinx Cinerea, Say 


Harold H, Haskin 


This paper is a report on experiments performed in the 
summers of 1935 and 1936. It is presented at this late date 
because the results have not yet been published, and it is be- 
lieved that they are of some value in providing leads to fur- 
ther work to be done on oyster drill control. 


It is common knowledge among oyster growers that the smal- 
ler oysters are preferentially attacked by Urosalpinx cinerea, 
Say, the common oyster drill in New Jersey, In 1910, Dr. Pope, 
working for the U. S. Burean of Fisheries, investigated this sit- 
uation. His results, contained in an unpublished manuscript, 
were summarized by Professor Moore, also of the Bureau, a year 
or so later in the statement, "Thin-shelled forms of shellfish 
were invariably preferred to the thicker-shelled forms." This 
implies that the drill has an infallible mechanism for finding 
the easiest way to its shellfish prey. 


This idea persisted though Federighi, in a general study 
of the habits of Urosalpinx in 1931, noted that it would pass 
by the meats of opened oysters to drill intact oysters in the 
Same dish. Also Professor T. C. Nelson observed in the early 
1920's that when drills were allowed to select food from a pop- 
ulation of various sizes, there were always smaller oysters 
among the survivors than some of those that had been drilled. 


This observation was repeated in more extensive destruction 
studies made during the summer of 1935. In these studies, oys- 
ters of various sizes, though of the same age, were placed in 
cages with oyster drills. The drilling in the experimental 
cages was at random with no apparent size preference shown, 

The fact remained that in commercial beds the smaller oysters 
suffered the heavier mortalities. If shell thickness were ruled 
out as the selective factor, how did the drills choose their 
victims? 


In the destruction studies all the oysters in a single 
cage with drills had been of the same age, i. e. spawned in the 
same season, although of greatly varying sizes. In contrast, 
on the oyster beds, the smaller oysters were, in general, the 
younger ones. This suggested that age rather than size or 
Shell thickness might be the important thing in food selection 
by the drills. This possibility was studied by experiments of 
three types. 


In the first of these, individual Urosalpinx were placed 
with a choice of foods in compartments of a wire cage suspended 
just off the bottom of a tidal creek close to its outlet into 
Barnegat Bay. The cage was examined daily and attacks on the 


62 


- omme) eetd. yd boot 
qae .sonentd xntgte On 


y ehame edt teat siewots Tedayo aos opbolwon common #f 
hs, otents xutalaroct ed beolgedin Yllelinoretor: w1n evade 
i, eqed «a .OLef al eCeetoL well al Litth *etayo AONMOS ede 
i) Ueels atnd bodastzeovat setredal to mend «2 .U alt 40% 4 
vtaltonvnom bedelidugays as of bealednoo ,adfuses efi oe 
ss Rey 2 ,veoiwd edt to onle .etool tonestors Yt hoxzisnmames 
<) defi fede to emyot HelloedeentdT" Jnemedete ond ml ntedat 
i ein? “,amtot hollodeeretolds odd os Doxre'terg vieblyveval 
gathnl't tot melnanoom ef{dl [lata -aa cad L245 odd Jett eb 
“omy delifleia edt of yar teaka 


iy Youds Leteusey 2 at yidgitebet dyyodd betelersc sebt eidt 
oe! eesq Ditow It teds Hetou .LeGl a! xalelacox to édidad 
> ead al evedeyo toetal If£tab o3 tevexo Seneqo Io evmen it 
Wa Gltae edi at bevieado nouflet .9 .7 t0aeelotl oafA .«5,etee 
“Od 4 tort boot toelen ot Lewolle atow afiith aekw tony 
eteseyo isiiame eyawla erew. erect ,20sls euctisvy to ti 
sHelf{tah anced bet gars -aeoid Lo aoa nsis; eiovlvipa edd, 


Hobjourjesh evienetxe erom at botseqet .vaw noltevtaedo alt 
) meyo ,A@elbude eeeds nt +GECLI to tommue ed galayb obam’s ot 
CO Aa «3 beoals Stew ,608 em8s oid To dnwodd  eeste avoltay Yo: aii 
Latneminegqxe edd al pati lied of? .effind soteyo diiw 8® 
stwode sonetslesq ests iaotsqqa on Atiw mohoet #2 eat Oe 
e@tatnyo taifeme ond ehod' feloveimioo al gartd benlaumet ¢ 


ont 


| Relea evew seeniotds ffeie If .etdifadron yzelveed ei begs 
. tiedt oeoods effiah odd BLb wod «703987 evitosles edd 


ta? ) 
TYoniy 
by) 
3 


| efgnie a nt eredayo add Ife eetbude noliourdnsb add nt 
elt mt bonwage .e .f .eme onae edd To weed had eifinb dtlw 
. gteetines nl .sexte salve YLtesty lo Aawordd fe e1O OBR 
1 Bde ,fatonog.at ,crow agetevo aeffame of? ,ebed sodage, of 
to esta nedd tatde+ ean garlt Dedsexnun eld? |. seno te 
|) Meltootes boot mt ontud Jaadtoqms ed ed idalm aeondoing £ 
ou  2O Btreomiasqxs vc Betbude sow yiifidiesoy elit sbeebs i 
Bhi. has 


>, Beoatq eter xntagtorct! Laublvibat e8edt To textd arid at.) 

_ bebaeqanve eyse ottw 2 to ednendingqaos af eboot Lo eslodo a, 
O8al goltno atk of esols weers [ebti @ to motiod odd 
) Nt mo BHoadda bra vileb beatmixe saw ogao oct 


/ 


shellfish were tabulated. Six Urosalpinx, each in a separate 
compartment, were observed with the same food choice over per- 
iods of time from 6 to 28 days. These experiments were done 
in the summer of 1936 so "1936 set" indicates oysters spawned 
and set in the current season, "1935 set" are one-year old 
oysters, etc. Results of the wire cage experiments are given 


in Table I: 
TABLE I 
WIRE CAGE EXPERILENTS - CEDAR CREEK, 1936 


Single Urosalpinx in Individual Compartments. 


# of # of 
Drills Determi- Attacks Ratio of 
Food Choice Used nations Made Attacks 
1936 set vs 1935 set 6 6 oe to 2 16 toa 
1935 set vs 1933 set 6 28 42°40) (20 9 Sal tom 
1936 set vs Mytilus 6 8 zo to 7 dao tO FT 


These wire cage experiments indicate that the drills do prefer 
the younger oysters but give no clue to the factors governing 
the choice. 


The second tvpe of exveriment was designed to see whether 
the drills actually explored both possibilities when provided 
with a choice of foods. Ten Urosalpinx were placed in the center 
of a flat Pyrex dish and oysters of different ages were grouped 
in opposite corners. The drills were watched and movements re- 
corded until they remained stationary for at least an hour, For 
one series, the final locations of drills that had moved to oys- 
ters are shown in Table II: 
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TABLE IL 
DISH EXPERIMENTS = 1936 
Series I - Food Choice 1956 set vs 1935 set 


Ten Urosalpinx in Dish with Oysters 


Number of Drills on 
Determinations 1936 set 1935 set 

ni 1 2 
2 3 us 
) 1 2 
4 e i 
5 3 a 
6 3 0 
Yi 3 fe) 
8 10 O 
9 10 9 

Total 56 7 


LOS OMS Cie re 
Ratio TOs sok Sel 


Some few of these drills explored the entire dish and 
both groups of oysters, but the great majority of them moved 
directly to one of the groups of oysters and stayed there. 
This sinple experiment indicates preferential orientation to 
some substance from the younger oysters. A choice is not made 
on the basis of shell thickness. 


The third type of experiments was designed to establish 
whether or not the drills respond a@ifferently to substances 
Given off-bvy oysters of different ages. Bay water from an over- 
head tank, filled freshly at each high tide, flowed into two 
chambers of a double tank. Shellfish of different ages were 
placed in the chambers and the overflow water was led tooppo- 
site corners of a rectangular, flat-bottomed dish, in the center 
of which 15 drills had been placed. The Urosalpinx then oriented 
to overflow water alone. A series of experiments by Federighi 
kac shown that Urosalpinx orients precisely and moves against a 
current of water. Consequently special precautions were taken 
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to see thet rheotropism was not controlling the movement of the 
drills. The data presented in Table III are representative of 
the type obtained in these overflow tank experiments. when all 
drills in the dish remained stationary, their positions were 
noted. The numbers clustered around the overflow tube from the 
chamber containing 1956 set oysters and around the overflow tube 
from the 1955 oysters are shown in the Table. In the eight de- 
terminations in this series, for every drill moving to the water 
from the three year-old oysters, four were attracted to the wa- 
ter from the younger oysters. 


AUB), Abate 
OVERFLOW TANK EXPERIMENT - 1936 
Series III Food Choice - 1956 set vs 1933 set 


Fifteen Drills in Hight Determinations 


Number of Drills at 
Determination 1936 Inlet 1933 Inlet 

iz 8 2 
2 4 2 
5 4 2 
4 7 1 
5 5 fe) 
6 6 O 
‘e 6 i) 
8 ais il 

Total 45 La 


Mean ratio 19356 Sak ak 
1933 2 


A variety of drill foods were compared in this way and the 
data obtained are summarized in Table IV, The information given 
in Table III is summarized here as Series III: 
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TABLE IV 
OVERFLOW TANK BirvERIMENTS - 1936 


Summary of Data 


Number 
of Deter- Dridis: tol Driiis. to. “voune™ 
Series Food Choice minations "Young"-01d" Drills to "Old 
£ 1936 set vs 1935 set 14 68 -—= 29 2.5 
ag 1935 set vs 1933 set nye EXO Meret an ie Zee 
in £956 set vs 1955 set 8 alls) Vey Lal 4o1 
nV 1933 set vs 1930 set 5 14 -- 18 0.8 
V 1936 set vs hytilus 4 ior exeied 5 3.0 (Oyster) 


(Mytilus) 


The first three series of experiments listed in Table IV 
agree in showing that water from young oysters is more attrac- 
tive to the drills than water from the older oysters. Twice as 
many drills are attracted to effluents from the 1956 oysters as 
to effluents from the 1935 oysters, which are in turn, twice as 
attractive as effluents from the 1933 oysters. We might expect 
therefore that water from the 1936 oysters would attract about 
4 times as many drills as the 1955 effluents. This expectation 
is realized in series III. Little preference is shown between 
the effluents from the 3 year old and the 6 year old oysters 
(series IV). This series indicates that the differences in ef- 
fluents which enabled the drills to distinguish between young 
and old oysters disappeared after these oysters reached an age 
of about three years. 


These laboratory experiments point conclusively to a domi- 
nant role of chemical attraction in food selection by Urosalpinx. 
In 1937 field studies on the migration rates of the drills pro- 
vided additional evidence. In these field studies various groups 
of oysters were placed in opposite corners of a 10-foot square 
laid out on the sandy-mud of a Delaware Bay tide flat. Marked 
drills were planted in the center of the square and then were 
collected on the following low tide. Results of a series of 
these experiments are given in Table V. 
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TABLE V 
FOOD CIICICE EXPERIMENTS ~ CAPE SHORE TIDE FLAT - 1937 
10-foot Square on Bottom: 


Number of Drills on Drills on Young 


Series Food Choice Drills Used Young Old Drills on Old 
ay 1936 set vs 1935 set 154 42 10 4.2 

EL 1936 set vs 1934 set 290 86 9 9.5 

IIIT 19356 set vs l..R.C.* 150 78 353 Let 

IV 19354 set vs li.R.C.%* 1100 ep ioaS 0.235 


*h.R.C. designates a group of older oysters of indefinite 
age tonged from the lWaurice River Cove. 


These studies were done in early summer so no current sea- 
son set were available. The preference ratio for l-year-old 
oysters compared with 2-year-olds {series I) was 4.2. As ex- 
pected from the laboratory studies, this ratio rose sharply 
when 1 year-olds were compared with 3 year-old oysters (series 
II). The decline in ratio of preference between 1 year-old oys- 
ters and the older layrice River Cove oysters was unexpected 
(series III). From the results of series II and series III it 
was galculated that the preference ratio between 1934 set and 
Maurice River Cove oysters should be approximately 0.25. The 
check value of 0.23 obtained experimentally in series IV indi- 
cates the value of this method in measuring quantitatively the 
relative attraction of various shellfish for the drills. 


It is of interest to speculate why the older oysters from 
Laurice River Cove were more attractive to the drills than the 
younger oysters. The three groups of younger oysters all came 
from an artificial oyster reef on the Cape May tide flats where 
these experiments were performed. This is an area where rapid 
growth and metabolism occur. In the Maurice River Cove areas, 
from which the older oysters had been tonged, growth is notori- 
ously slow, but these oysters, when transplanted to more favor- 
able growing grounds, frequently grow very rapidly. It is rea- 
sonable to suppose that these Maurice River oysters after trans- 
plantation to the Cane Shore, were stimulated by favorable 
conditions to rapid growth and high metabolism, a state charac- 
teristic of young oysters. The Urosalpinx reacted to them as 
though they were very young oysters. 


Such studies as these described in this paper may provide 
valuable clues in finding more effective baits for traps used 
in control of the oyster drill. For example, Dr. L. A. Stauber 
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in large-scale trapping experiments on Delaware Bay beds in 
1959 found that traps baited with old l.aurice River Cove oysters 
caught drills more readily than those baited with young seed- 
sized oysters. <A promising chemical approach to an improved 
drill bait would be the determination of the substances attract- 
ing drills to young or actively metabolizing oysters. 
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Some Recent Investigations of Native Bivalve Larvae in New 
Jersey Estuaries 


by 


Melbourne Romaine Carriker 
New Jersey Oyster Investigation Laboratory and the Department 
of Zoology, Rutgers University, New Brunswick, New Jersey 


The study of the larvae of marine bivalves provides infor- 
mation on the role played by these shellfish in the production 
of food for man and for other animals in the estuarine communi- 
ty. For example, ecological studies of the larvae of the east- 
ern oyster (Crassostrea virginica Gmelin) have made possible 
prediction of the location and extent of spatfalls and the more 
efficient collection of seed. Research on the larvae of such 
commercial bivalves as the quahog (Venus mercenaria Linne), the 
soft shelled clam (Mya arenaria Linne), the bay scallop (Pecten’ 
irradians Lamarck), the surf clam (Spisula solidissima Dillwyn), 
and of the larvae of such potential food sources as the edible 
mussel (Mytilus edulis Linne) and the razor clam (Ensis directuy 
Conrad) will undoubtedly lead to similar helpful results. lLike- 
wise, establishment of the precise identity of the majority of 
the bivalve larvae of coastal waters would permit the determi- 
nation, through systematic sampling, of the kind and relative 
abundance of adult shellfish present in those waters in which 
the usual laborious dredging surveys for adults have not been 
made. Identification studies are also fundamental to a deter- 
mination of the breeding seasons, length of larval life, degree 
of larval mortality, larval migrations, and dates of larval 
settlement. Such investigations should further stimulate in- 
vestigations of the morphology, physiology, and ecology of the 
larvae. inthe long run, these collective studies when coupled 
with basic research on the nutrient requirements of both the 
larva and of the adults may well accelerate production of de- 
sirable bivalve shellfish in our coastal waters. 


At the present time, however, but little is known of the 
biology of the larvae of bivalves as a whole. Maxwell Smith 
(1945) records the total number of species of bivalves occurring 
in the coastal waters of middle eastern North America as 77. 

Cf these the larvae of only seven of the commoner bivalves have 
been grown in the laboratory to the setting stage from parents 
spawned in captivity: Wells (1927) cultured the quahog, soft 
shelled clam, bay scallop, edible mussel, and the eastern oyster; 
Loosanoff (personal communication, and 1950) has recently re- 
peated the laboratory culture of the larvae of the soft shelled 
clam, the quahog, and the eastern oyster, and has added the suc- 
cessful culture of the larvae of the surf clam to this list; T. 
Welson (personal communication) has also grown the larvae of the 
quahog to the setting stage in the laboratory. Such culture 
techniques afford the only way of accurately determining the 
identity of native bivalve larvae. 
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The seven bivalves just listed are oviparous. During the 
spawning season they pass sex products into the water where 
fertilization of the eggs occurs. Fragile floating ciliated 
embryos soon develop which shortly grow into fully shelled 
though still microscopic free-swimming larvae, Natively, many 
of these purse-shaped larvae are able by their swimming move- 
ments to maintain recognizable vertical stratification. One of 
them at least, the eastern oyster, in New Jersey waters, is 
able in this manner to migrate toward the headwaters of estu- 
aries during its two week larval development. At the end of 
a relatively short period, the period varying apparently with 
the kind of bivalve and with the temperature of the water, 
these larvae attain larval maturity and seek out a place on 
or in the bottom. 


Two other of the 77 bivalves listed for our coastal waters, 
the tiny gem shell (Gemma pemma Totten) and the destructive ship 
worm (Teredo navalis rane are known to be larviparous. The 
gem shell retains its young in the gill chamber throughout the 
larval period, so that the larvae never appear swimming freely 
in the water. They have occasionally been taken in bottom plank- 
ton samples after storms or during very swift currents. The 
ship worm releases its young into the water in the early straight 
hinge shelled stage, after which these larvae become members of 
the regular planktonic community. 


The larval life history of the remaining bivalves of our 
middle eastern coast is known only imperfectly or not all. 
Sullivan (1948) has recently made an excellent contribution in 
the study of the larval types in Malpeque Bay, P.E.1., Canada, 
in which she described and photomicrographed the 22 bivalve 
larvae regularly occurring in this water mass. She has added 
13 provisional names to the list of bivalves whose larvae are 
free-swimming, and has set a desirable precedent in the inves- 
tigation of all bivalve larval types in a single locality. 


The present report is concerned principally with an inves- 
tigation of the bivalve larvae of New Jersey coastal waters,’ 
principally Little ig¢g Harbor, where our floating laboratory, 
the "Cynthia", has been moored for the last three summers, The 
study has developed into a twofold program: first, the cata- 
loguing of all the larvae of the estuary, identifying them where 
pessible by reference to the scanty literature, or giving pro- 
visional names where accurate identity has not been possible, 
The various stages of many of the larvae have been measured, 
preserved in fluid and in solid media, drawn, and photomicro- 
graphed, A key to the larvae has also been constructed, which 
though still quite incomplete and inadequate, is something of 
a help in identification. The second phase of the program deals 
with studies of the ecology and life history of the commoner 
native larvae; these investigations were begun in 1958. The 
results of preliminary studies on the native movements of the 
larvae of the eastern oyster in New Jersey waters are now in 
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press (Carriker, 1951); and at present a study is being conducted 
on the ecology and life history of the larvae of the quahog, 

with a view to obtaining information which may lead to improved 
quahog production. 


Recognition of the majority of the bivalve larvae ina 
locality minimizes the danger of misidentification of any one 
larva--a real danger when dealing with minute organisms of such 
close appearances, Miisidentification is especially easy during 
the months of June, July, and August when after periods of bi- 
valve spawning the larvae may apnear by the thousands per hun- 
dred liters of bay water, quite eclipsing the other plankters. 
In fact, it was the bewildering similarity of a few of the de- 
velopmental stages of some of the native larvae to comparable 
Stages of the quahog larvae which led me to undertake a syste- 
matic survey of all of the larvae of the local estuaries. This 
uncertainty was encountered in spite of the fact that we had 
raised quahog larvae on the "Cynthia" to the early umbone stage, 
and that Dr. Loosanoff has kindly made available to us a very 
helpful series of slides of all stages of the larvae of the 
quahog.e 


In the winter months only the larvae of the edible mussel 
Mytilus edulis Linne) are present in conspicuous numbers. 
Plankton sampling in Shark River, New Jersey, during the past 
two winters has disclosed the presence of all stages of mussel 
larvae, and conversely summer sampling in Little Egg Harbor, 
though mussels are numerous in the deeper channels and inlets, 
has never indicated their oresence. 


A serious obstacle facing the bivalve larvologist is the 
complete dearth in the literature of keys for identification of 
bivalve larvae. In Europe the fine beginning which Jorgensen 
(Thorson, 1946) has made on a study of the oldest stages of the 
larvae of Danish marine bivalves, and the contributions which 
Lebour (1938, and other years) has made on the bivalve larvae 
of English waters, are of considerable help. In America we 
have principally the very useful paper of Stafford (1912) de- 
scribing and illustrating several of the commoner bivalve lar- 
vae, and the papers of Wells (1927) and of Sullivan (1948) al- 
ready mentioned. 


A major difficulty in larval identification arises from 
the fact that in their development from the purse-shaped straight 
hinge stage to the mature larvae, the larvae increase in size, 
but the dimensions generally do not increase proportionally; 
the color of the living larvae may change progressively with 
age from a glass-like anpearance to a dark yellow, or brown, 
or purple, or mixture of these hues; and umbones of varying 
size and shape may appear. Color may or may not be an entirely 
reliable diagnostic character. Also the shades of color of 
some of the larvae may vary from one part of the larval season 
to another. The color of the digestive gland of the quahog 
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larva varies in intensity from a pale straw yellow to a bright 
orange to a greenish yellow, the color apparently varying with 
the type of food consumed and with the age of the larva. 


On the other hand some of the larvae develop characters 
which are decidedly helpful in the segregation of the various 
Species, particularly in the older stages. For example, Sulli- 
van's quahog larva (which is a misidentification of an unknown 
larva) develops conspicuous dimpled markings on the umbones. 
The gem shell bears pronounced lattice-like patterns across 
the valves which distinguish the species from all others en- 
countered. The eastern oyster and the jingle (Anomia simplex 
D'Orbigny) soon develop valves which are decidedly unequal, and 
in the jingle only one umbone is conspicuous. The ship worm 
larva in the later developmental stages is typically and dis- 
tinctly walnut-shaped; whereas the larvae of the minute Roche- 
fortia (Rochefortia planulata Stimpson) possess an unmistakable 
flattened wafer-like set of valves. And the mature stages of 
the eastern oyster, the ribbed mussel (Modiolus demissus Dillwyn), 
and the edible mussel bear characteristic eye spots on each 
valve. 


A total of some 23 different species of bivalve larvae 
have been recorded for our estuaries, principally from Little - 
Egg Harbor. Of these accurate identification has been possible 
for only about 10 of the species. Of the remainder final iden- 
tification must await laboratory culture from known parents. 


The highest concentration of bivalve larvae obtained in 
Little Zgg Harbor this summer was pumped in late July when 
80,600 total larvae per 100 liters of water were taken in a 
mid-vertical sample in the middle of the Harbor. These larvae 
were mostly of the younger’stages. Older stages are never 
present in great abundance, indicating the high mortality which 
occurs during the free-swimming larval period. 


Comparison of the various species and stages of bivalve 
larvae has been greatly facilitated by the use of a fluid pre- 
servative which has been developed over the last two years 
(Carriker, 1950), This consists of 1% formalin, 10% commer-= 
ciel sugar, and 0,05% sodium bicarbonate in filtered bay water 
(20-30°/00). The pH of the fluid should be maintained at ap- 
proximately 8. The larvae are killed initially in 2% neutra- 
lized formalin, 


The studies of the ecology and life history of native 
quahog larvae have been carried out during the last three sum- 
mers in Little Ege harbor, a tidal body of water some 4 miles 
wide, 10 miles long, with an average depth at mean low water in 
the largest portion of the bay of 4 to 7 feet, and supplied by 
only one principal inlet, a deep narrow channel. The spring 
range of the tide is about 3 feet. Through some as yet undis- 
covered hydrographic feature the salinities of the Harbor are 
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unusually uniform for the entire southern two-thirds so far in- 
vestigated, this summer varying during the phases of the tide 
cycle only about one part per thousand, away from the negli- 
gible influence of a few small creeks along the western shore. 
Temperatures have also been relatively uniform. Maximum cur- 
rent velocities vary from about 1350 em./sec. in the inlet to 
about 12 in the middle of the Harbor where most of the larval 
Sampling was done. Larval studies are most productive when 
sempling is done at close spatial and time intervals at, at 
least, one central carefully selected station. lLarge concen- 
trations of adult quahogs occur in the southeastern portion of 
the Harbor. 


Observed spawning of the quahogs in Little Egg Harbor over 
a three year period extended at least from June 10 to September 
4. Depending on water temperatures, additional observations in 
the spring and fall might disclose a longer spawning season, As 
ascertained by following quahog larval swarms from the first ap- 
pearance of the straight hinge stages (when they are approxi- 
mately one day old) to disappearance of the oldest stages from 
the plankton, and checking the size of the larval shell in re- 
cently set quahogs, the larvae grow in size from about 98, to 
200 x» in approximately 7 days. There seems to-be considerable 
variation in the duration of the pelagic stage, however, fast- 
est growing larvae setting in probably as short a time as 5 
days and slower growing larvae in more than 10 days. Growth 
of large larval swarms is fairly uniform up to 140, and takes 
about 4 days: after that the size range of the individuals 
within a single swarm continues to expand with age. In the 
three years of study the greatest concentration of quahog lar- 
vae encountered has been about 2,500 early stage larvae per 100 
liters of bay water for each year, occurring in July. The old- 
est stages of larvae, however, become so scarce that it has 
been necessary to pump 500 to 1,000 liter samples to find them. 
Rarely are more than 5 ready-to-set larvae pumped per 100 liters 
of water. Mortality thus, as with all free-swimming bivalve 
larvae, is exceedingly high. So it would seem that normally in 
Little Egg Harbor quahog setting occurs over much of the summer 
and in relatively small concentrations--the phenomenal quahog 
sets of local folk lore have not yet been encountered. 


Insufficient serial vertical and horizontal sampling dur- 
ing tidal cycles has been performed to indicate whether quahog 
larvae exhibit detectable migratory movements in the Harbor. 
Horizontally the larvae of extensive spawnings are found through- 
out the Harbor and at all phases of the tide cycle. Smaller 
Spawnings may remain quite localized in a smaller mass of water 
and be traceable each day only by means of the phase of the tide 
and the depth of the water at a standard sampling station. By 
means of a series of periodic vertical serial samplings through 
the cycle of the tide it was observed that the maximum larval 
concentrations during daylight hours ordinarily remain about 
one meter depth from the surface, and that these concentrations 
move to a slightly higher position during maximum current 
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velocities. During the day the larvae seldom occur directly 
over the bottom. During the hours of darkness, however, pre- 
liminary sampling shows the larvae more widely distributed 
throughout the vertical column of water, extending to the bot- 
tom. The stratum of maximum concentration also descends. Here 
then is a possible response of the larvae to light, which bears 
further investigation, 
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Growth and Setting of Larvae of V. mercenaria 
in Relation to Temperature 


by 


V. L. Loosanoff, v. S. Miller and P. B, Smith 
Milford Labezatory, U. S. Fish and Wildlife Service, 
Milford, Conn, 


INTRODUCTION 


Almost every student of ecology or physiology of larvae of 
lamellibranch molluscs has commented, at some time or other, 
that temperature is the factor influencing the duration of their 
pelagic life. Unfortunately, most of these comments were usu- 
ally too brief and incomplete. Others, even if lengthy, lacked 
supporting data to be of much value in analyzing the relation- 
Ship between the temperature and growth of larvae. 


Since a review of the literature devoted to the effects of 
temperature upon larvae of lamellibranchs has recently been of- 
fered by Thorson (1946) and Baughman (1947), there is no need 
to repeat it here. We shall merely mention a few articles hav- 
ing closest relation to our studies. J. Nelson (1908) stated 
that within the temperature range-from 24.0 to 27,0°C. the 
Anerican oyster, Ostrea virginica, has a free-swimming period 
of only one week, At 23.09C,, however, this period is extended 
to 13 days, and at 20.09C,, to 17 days. Medcof (1939) coneluded 
that oyster larvae require approximately 24, 26 and 30 days to 
reach maturity at a constant temperature of 21.0, 20.0 and 19.0%, 
respectively. According to Korringa (1941), Ostrea edulis of 
Holland has a pelagic life of six days at’a temperature of 22,0 
- 25.0°C,, 9 to 10 days at 18.0 - 21.0°9C., and 13 to 14 days at 
16,0 = 17.0°C, Belding (1912) thought that the free-swimming 
period of larvae of Venus mercenaria is 10 to 12 days at a tem- 
perature of approximately 22,0°C., but somewhat longer at lower 
temperatures, 


Thus, the general opinion is that temperature may hasten 
or prolong the larval period. This, of course, cannot be denied. 
However, since the number of days needed for larvae of different 
lamellibranchs to reach the setting stage at different tempera- 
tures was decided by most investigators largely upon the basis 
of field observations, where it was difficult and often impossi- 
ble to evaluate the importance of other factors, such as salin- 
ity, pH, food, etc., the accuracy of the day-degree relationships 
offered may be questioned. It is thought, therefore, that such 
relationships can be best determined by laboratory experiments 
where most of the factors can be rigidly controlled. The pre- 
sent article offers a description of such studies devised to 
determine the rate of growth, length of the free-swimming period, 
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and of other aspects of the behavior of larvae of the hard shell 
clam, Venus mercenaria L., grown at different but constant tem- 
peratures. 


We wish to express our appreciation to our colleague, John 
H, Peterson, for tabulating the data of this article. 


METIIODS 


The larvae were grown at the constant temperatures of 33.0, 
BOeO, 27.0, 24.0, 21.0, 18.0 and 15,0°C. + 1.0°C. They were 
kept in earthenware crocks of 20-liter capacity. These crocks, 
which were covered with black painted glass to exclude the 
light, were placed in large wooden boxes through which water of 
a constant temperature was running, thus maintaining a constant 
temperature within the crocks, which were filled with sea water 
filtered through thick cotton filters. Duplicate crocks were 
used for each temperature. 


The largest part of this experiment was conducted during 
the winter and early spring, the time which we found most con- 
venient to control the temperature of the water used (Loosancff, 
1949). Spawn was taken from clams which were conditioned to © 
spawn in winter (Loosanoff and Davis, 1950). To avoid shock 
the fertilized eggs were gradually brought up or lowered to 
the temperatures in which they were to be cultured. Usually 
one million eggs were introduced in each crock, thus creating 
the initial concentration of 50,000 eggs per liter of water. 


The cultures were changed every two days by using the method 
already described (Loosanoff and Davis, 1950). After the water 
hed been changed the cultures were fed a mixture of Chlorella 
sp. and a purple sulfur bacteria of the genus Chromatium perty, 
ereating in the culture crocks a concentration of approximately 
500,000 cells of Chlorella and 400,000 cells of sulfur bacteria 
per cc. of water. It may be mentioned here that the sulfur bac- 
teria, which were rejected as food by the oysters (Loosanoff, 
1949a), were taken in and apparently assimilated by the larvae 
of V. mercenaria, 


Altogether four major exveriments were conducted. In the 
first, no larvae were measured until the fourth day. In the 
subsequent experiments, however, larvae from all the cultures 
were measured at the end of the second day after fertilization, 
In one 30.0°C. culture measurements were made as soon as the 
larvae reached the straight hinge stage, which occurred in less 
than 24 hours, 


From each crock 50 larvae were taken for measurement on 
each occasion. However, because the cultures were run in dup- 
licate, the number of larvae taken as a sample for each temperature 
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group was actually 100. As a rule, in all the experiments the 
duplicate samples showed extremely close agreement. 


Measurements of the larvae were made in the usual manner, 
using a Sedgwick-Rafter call to hold the larvae. Since each of 
the small divisions of our ocular micrometer was equal to seven 
microns, most of our figures were based on these intervals. In 
some cases, however, when the necessity arose to determine the 
measurements more precisely, the larvae were measured under high- 
dry power where each division of the ocular micrometer was only 
1.7 microns. In general, however, it was found impractical to 
be confined to such accurate measurements because the variations 
in the measurements of the larvae depended to some extent upon 
the position in which the larva was lying on the slide. This 
was especially true of the older larvae the shapes of which were 
es rounded than those of the young ones, which were relatively 

lat. 


RESULTS 


Our discussion will, at first, be confined to the tempera- 
tures within the range of 18.0 to 30.0°C, The results observed 
at 15.0 and 33,0°C, will be discussed later because at these 
temperatures the development of the eggs and larvae was usually 
abnormal. 


Within the range from 18.0 to 30.0°C, the mortality of the 
eggs and then the larvae was comparatively low. it is estimated 
that often not less than 85 per cent of these were carried to 
the stage of metamorphosis. The only exceptions were several 
cultures grown at 18.0°C. where somewhat fewer eggs developed 
into larvae of straight hinge stage. However, those that reached 
that stage usually lived through metamorphosis. 


The larvae in all cultures appeared and behaved normally. 
They were usually vigorous swimmers rapidly moving through the 
water, this condition necessitating killing them with formalin 
before taking their measurements. Their color was usually 
pinkish-yellow-green characteristic of the type of food they were 
fed. Incidentally, our experience has shown conclusively that 
the color of the larvae of V. mercenaria, as well as that of 
the larvae of some other lamellibranchs, such as M. arenaria 
and M. solidissima, with which we worked at different times, 
should not be considered as a reliable specific characteristic 
that may be helpful in identifying larvae. We formed this con- 
clusion because we found that the color of the larvae may be 
changed at will, within an hour or so, by feeding them micro- 
organisms of different colors. 


The data on the growth of the larvae at different tempera- 
tures in Experiments 1 through 4 are given in Tables l, 2, 3, 
and 4. These tables give the minimum, maximum and mean sizes 
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of the larvae as determined by the measurements of representa- 
tive samples at two-day intervals. The exception was, as al- 
ready mentioned, Experiment 1 where the larvae were not measured 
until the end of four days, and where no measurements were made 
of the larvae grown at 18.0°C. on the eigth and 12th days (Table 
1). In Experiment 4, which was conducted in the early summer 
when the water temperature was already higher than 18.0°00., no 
cultures were grown at that temperature. 


Before proceeding with the discussion of the results of 
our experiments it should be remembered that metamorphosis of a 
larva into a young clam is not as sharply defined as is metamor- 
phosis or, as it is commonly called, setting of an oyster where 
the larva ceases crawling entirely and cements itself to a shell 
or other clean object. In the case of V. mercenaria, as well 
as some other clams, metamorphosis is rather an extended process 
beginning with the gradual replacement of a ciliated velum with 
a large muscular foot and ending with the development in the 
foot of a functional byssal gland. This point is often diffi- 
cult to establish because many young clams, although possessing 
a byssus gland, do not always attach. Therefore, it may be dif- 
ficult at times to distinguish a recently metamorphosed clam 
from an old larva, especially if the animal does not move. 


The length at which metamorphosis took place in our cul- 
tures ranged from approximately 175 to 256 un, occurring most com- 
monly between 200 and 210 yn. The largest larvae did not always 
metamorphose first. In several cultures some comparatively small 
individuals measuring only approxivately 180 y did metamorphose, 
while larger larvae, measuring more than 200 p, still continued 
swimming, displaying a powerful velum and a comparatively small 
foot. 


In the course of these experiments we tried to determine~ 
whether the larvae grown at low temperatures, such as 18.0°C., 
would reach a larger size before setting than the larvae grown 
at higher temperatures. Some of the preliminary experiments 
did indicate a tendency of this type, but further and more ex- 
tensive experiments did not support this contention. So far no 
definite evidence is available that such a rule applies to the 
larvae of V. mercenaria. 


The results of the first experiment showed that, with ex- 
ception of the 30.0°C. group, the rates of growth of the other 
four temperature groups were closely resembling each other, in- 
dicating that within the temperature range of 18.0 to 27.0°C. 
the differences in the temperature do not always significantly 
affect the rate of growth (Table 1). If plotted, the data would 
not resemble the exponential growth curves offered by Medcof (1939, 
for the growth of larvae of O. virginica. Furthermore, contrary 
to the findings on some other lamellibranchs (Seno et al, 1926) 
the larvae kept at 30.0°C, did not die but showed healthy, rapid 
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growth, some of them reaching the setting stage during the seventh 
day, i.e., considerably ahead of the cultures “kept at lower tem- 
peratures. 


Subsequent studies (Tables 2, 3 and 4) showed thet the re- 
sults of Experiment 1 were somewhat atypical. Nevertheless, 
they are included here for the purpose of comparison and dis- 
cussion, and partly to demonstrate the possible deviations that 
may occur in this type of study. Naturally, the explanation 
was sought for the peculiar results obtained. Investigation of 
the methods and procedure used during the experiment showed, 
however, that the only factors that varied from culture to cul- 
ture were temperature and, perhaps, aeration. In other respects, 
such as number of larvae, quantity of food, salinity, pH, amount 
of light, etc., all the cultures were presumably subjected to 
identical conditions. The differences in the temperatures were, 
of course, the basic pert of the experiment. The differences in 
the aeration, the only factor that was not rigidly controlled, 
had to be properly evaluated. The following experiment was de- 
Signed to evaluate the importance of such differences. 


Several cultures of larvae were started at identical condi- 
tions except the degree of aeration. Some crocks were aerated 
very vigorously so that the surface of the water in them re- 
sembled the action of boiling water; other crocks were aerated 
only feebly, while the third received no aeration whatsoever 
with exception of unavoidable splashes occurring during the change 
of water which was made every second day. The results showed 
that after the larvae had reached the swimming stage vigorous 
aeration was unnecessary. Clean, carefully attended cultures 
could be brought to the setting stage without continuous aeration. 
The larvae of the unaerated cultures showed approximately the 
same percentage of survival, grew at the same rate and began 
setting at the same time as * either the feebly or strongly aerated 
cultures which, in turn, showed no significant differences. 
Obviously, since the differences in degree of aeration in the 
cultures of Experinent 1 were incomparably smaller than those 
of the specially designed experiment, we may conclude that those 
variations were not responsible for the differences in the rates 
of growth of the larvae in the different cultures of Experiment l. 


Experiments 2, 3 and 4 agreed, in general, that the rate 
of growth of the larvae was more rapid at high than at low tem- 
peratures (Tables 2, 3 and 4). However, even in these experi- 
ments certain discrepancies were noted. For example, in Experi- 
ment 2 the mean length of the larvae grown at 27.0°C, was, on 
the sixth day, somewhat sreater than that of the 30.0%. eroup 
(Table 2). et Experiment 3 the mean rate of growth of the lar- 
vae at 27,0°C, was, until the sixth day, more rapid than that 
of 30.0°C, (Table 3). Furthermore, even the 24.0°C. group was 
for some time growing more rapidly than the larvae at 50.0°C. 
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At the temperature of 50.09C. setting of larvae in some 
experirents began as early as the seventh day after fertiliza- 
tion, but in others it was delayed until the ninth (Table 5). 
The entire population of the cultures kept at this temperature 
metamorphosed within five to seven days after the beginning 
of setting (Table 6). However, the total range in days between 
the beginning and the completion of setting at this temperature, 
as based on all four experiments, extended from the seventh to 
the 16th day after fertilization and covered a period of nine 
days (Table 5). 


At the temperature of 18.0°C, the earliest beginning of 
setting was recorded 16 days after fertilization, and the latest, 
24 days after it (Table 5). The range in days between the be- 
ginning and the completion of setting at this temperature extended 
from the 16th to the 30th day after fertilization, thus covering 
a period of 14 days. It is important that while in Experiments 
1 and 3 setting at 18.0°9C, extended for 12 and 11 days respec-~ 
tively, in Experitent 2 it was completed in only six days thus 
indicating considerable variations in the behavior of the popu- 
lation of clam larvae kept presumably under identical conditions. 


The number of days needed after fertilization for the be- 
ginning and for the completion of setting of larvae at the three 
intermittent temperatures of 21.0, 24.0 and 28.0°C. are also given 
in Table 5. With exception of Experiment 1, where setting at 
three different temperatures began on the same, the 14th, day, 
the number of days, in general, increased with a decrease in 
temperature. Furthermore, even in Experiment 1, the range of 
setting in days increased with a decrease in the temperature. 
Thus, for example, while at 27.0°C. the setting was completed 
in 20 days after fertilization, at 21.0°C. it continued until 
the 24th day (Table 5). 


The number of days elapsing between the beginning and the 
end of setting in the cultures kept at different temperatures 
did not follow a definite pattern throughout all the experiments. 
Experirent 1 was the only one in which there was a definite trend 
showing that the number of days needed for the completion of set- 
ting of the entire larval population decreased with an increase 
in temperature (Table 6). In that experiment 12 days were needed 
to complete the setting at 18.0°C,, while at 30.0°C. setting of 
the entire population was completed in five days. In Experiment 
2, however, no such relation was found. In fact, setting was 
completed within a somewhat shorter period at 18.0°C. than at 
30.0°C, Experiments 3 and 4 in this respect also present a some- 
what inconsistent picture, although Experiment 4, in general, 
resembles the trend found in Experiment 1 (Table 6). 


Our studies showed that the larvae, which came from the 
same parents and were kept under identical conditions in the 
same crocks, showed sreat variations in their size (Tablesl, 2, 
3 and 4). Taking, as an example, the measurements made in 
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TABLE 5. Number of days needed after fertilization for the 
beginning and for the completion of setting of larvae 
at different temperatures in each of four experiments; 
range in days between the beginning and completion of 
setting, and the maximum number of days during which 
setting may extend in cultures grown at the same tem- 
peratures. 
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TABLE 6. Number of days elapsing between the beginning and 
the end of setting in the cultures kept at different 
temperatures. 


NUMBER OF DAYS 
Reo \ q 
expe NO. 4 Expte Nowe Bxp be NOe lon! Miers Noma 


| 18,0 | 12 | 6 11 | a8 | 
Reo: | 10 : 6 | 5 | re) 
leaco | 8 5 : 3 a Ve 
| 27.0 6 | 5 | 5 : 4 
| 30,0 | 5 7 | 7 5 | 
: | ! | | 
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Experiment 2, one will find that early in the experiment, on 
the second day after fertilization, the range in the length of 
the larvae was comparatively small (Table 2). At a temperature 
of 18,0°C. it ranged between 93 and 107 mw, while at 30,0°C, it 
extended from 93 to 121 m. However, as the experiment pro- 
gressed, the difference between the minimum and maximum sizes 
increased and towards the end of the experinent the length range 
of the larvae in the 18,0°C. culture extended from 150 to 221 yp 
and in the 50.0°C, culture, from 150 to 207 ym. At some inter- 
mediate temperatures, for example that of 21.0°C., the differ- 
ences in the length of the larvae, during the last days of the 
fey? were even greater extending from 156 to 228 yp (Ta 
ble 2). 


The data offered in Tables 1 to 4 inclusive gave only the 
extent of the larval sizes without showing how prevalent certain 
size-groups were in the larval populations. An example of such 
length-frequency distributions is given in Table 7, which is based 
upon the measurements of the larvae grown at 18.0, 24.0 and 30.0%, 
in Experiment 2. The temperatures selected represented the low- 
est, the highest and the average of the five temperature classes. 
Experiment 2 was chosen as the example because it appeared to 
be most closely approaching the mean of all four experinents. 

At the end of two days the length-frequency distribution of the 
larvae in all three cultures was relatively uniform occupying 

a comparatively narrow range and showing a modal class of approxi- 
mately 107 yw. Between the fourth and sixth days, however, the 
differences between the length-frequency distribution of the 
larval population of the three cultures had already become promi- 
nent. The differences were especially evident in the sizes of 

the modal classes. While for the 18,0°C, group this class at 

six days measured 114 yp, for the 24.0 and 30.0°C. groups these 
classes measured 129 and 143 mu respectively (Table Lin 


As the experiment progressed, the differences in the length- 
frequency distribution of the larvae of the three cultures re- 
mained significant. In all instances the modal classes of the 
cultures grown at higher temperatures were larger than those at 
lower ones (Table 7). 


Our data also showed that the length-frequency distribu- 
tions of the larvae grown at the same temperatures but in four 
different experiments were not always closely resembling each 
other. For example, examining the length measurements of the 
larvae grown at a temperature of 24.0°9C. in each of the four 
experiments, we found that the differences in the modal classes 
of the four cultures became apparent as early as the fourth day 
(Table 8). At eight days these differences became even more 
sharply defined. On the 12th day, while the cultures of Experi- 
ments 1 and 4 showed considerable agreement, and the culture of 
Experiment 2 was not creatly different from those two other cul- 
tures, the culture of Experiment 3 was definitely deviating from 
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Experiment 2. 


Length-frequency distribution (expressed in per cent) of larvae of different ages grown at 
temperatures of 18.0,24.0 or 30.0°C. 
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the others. The difference was not only in the size-range of 
the larvae but also in the size of the modal class which mea- 
sured 207 mw, as compared with 164 jy of the modal classes in 
the cultures of Experiments 1 and 4. 


On the basis of this comparison it may be concluded that 
the length-frequency distribution of the larvae of the four 
experiments, in which they were grown at the same temperature 
and kept under virtually identical conditions showed, neverthe- 
less, considerable differences. 


The question naturally arises whether, regardless of all 
the precautions taken, there might have been some not-easily- 
identifiable differences existing during the conduct of the four 
experiments, which could explain the certain lack of uniformity 
of the results. It is certain that, as far as the method and 
procedure are concerned, they were fhe same in all the experi- 
ments. However, since the experiments were not conducted simul- 
taneously, but one after another, it is possible that the water 
used in the different experiments did differ in some respects. 
Such a possibility is, at present, merely a speculation because, 
as far as salinity, pH, and other presumably important factors 
were concerned, the water did not show any noticeable differences. 
Furthermore, as already mentioned, the water used in all the ex- 
periments was always filtered through a thick layer of cotton 
which removed most of the plankton. Some of the minute quanti- 
ties of micro-plankton, however, passed through the filter. It 
was considered possible that the differences in the quality of 
this micro-plankton may have accounted for the differences noted 
in the four experiments. 


The suggestion does not appear to be well supported when 
it is remembered that the quantity of micro-plankton passing 
through the filters would be so small that in our dense cul- 
tures of larvae it would not add appreciably to the food sup- 
ply. Nevertheless, the suggestion should not be entirely dis- 
regarded, as it may be that the material passing through the 
filter might have been carrying traces cf some substances nec- 
essary for the development of the larvae. It is also considered 
possible that the water itself may contain at different times 
some dissolved substances which, in a manner not yet understood, 
may affect the rate of development of bivalve larvae. This 
possibility merits careful study. 


We shall now refer to the results obtained in the experiments 
in which the eggs or larvae were kept at 16.0 or 33.0°C, If 
recently discharged eggs were placed in water of 15.0°C. within 
three hours after fertilization, virtually none of them would 
undergo normal development resulting in the formation of straight 
hinge larvae. Some, however, would develop into trochophore lar- 
vae, usually of abnormal appearance. 
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If the eggs were kept at the room temperature of about 
20.0 - 21.0°C. for three to four hours after fertilization and 
then placed in water of a temperature of 15,0°C., a few would 
develop into straight hinge larvae. However, the majority of 
these larvae would be abnormal and soon die. 


Fertilized eggs kept at room temperature for six or nine 
hours before being subjected to a temperature of 15.0°C. gave 
a greater number of individuals reaching the straight hinge lar- 
val stage, but the majority developing that far would show signs 
of abnormal development and soon perish. 


If the eggs and the resulting larvae were kept at room tem- 
perature for two days, until the straight hinge stage was well 
formed, and the larvae were then placed in water of 15.0°C,, 
many of these larvae would survive. Regardless of slow growth 
it is possible that, under certain conditions, some of these 
larvae will reach the stage of metamorphosis. 


This experiment Cemonstrated rather conclusively that the 
eggs of V. mercenaria in early stages of cleavage require for 
their normal development and survival a somewhat higher tempera- 
ture than the eggs or larvae in later stages. The exvneriment 
also suggested that it is highly improbable that under natural 
conditions V. mercenaria would discharge eggs at a temperature 
of 15.0°C. # 1.0°C. because the eggs discharged at such a low 
temperature would not be able to develop normally. 


Our results in culturing eggs and larvae of V. mercenaria 
at a relatively low temperature are in close agreement with 
those of Seno et al (1926) who found that only a few of the 
eggs of Ostrea fsigas kept at about 16,0°C. developed into shelled 
larvae most of which would be abnormal and soon die. At about 
14,.0°C,, however, the segmentation of the eggs was so abnormal 
that none developed into straight hinge larvae. 


Practically the same results as those recorded at 1520°6% 
were again observed at the other end of our temperature range = 
at 33.0°C, An abnormal development and heavy mortality occurred 
if fertilized eggs were immediately transferred to water of a 
temperature of 33.0°c, £1.0°C. However, as is the case of the 
15.0°C. observations, if the eggs were allowed to develop at 
room temperature for 48 hours and then transferred to water of 
a temperature of 33.0°C., a rapid, normal development followed 
resembling that noticed in the cultures kept at 30,0°C. In gen- 
eral, these observations, as well as those made at 15.0°,, 
fully support the point of view expressed many years ago by 
Pelseneer (1901) that young cleavage stages of molluscan eggs 
occur within a narrower temperature range than the later stages. 


In the course of our experiments many thousand measurements 
were made of the length and width of the larvae of different 
ages and sizes. The size of the smallest straight hinge larvae 
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found in our cultures was 86 x 64 yu. Regardless of the extremely 
varied ecological conditions under which these and many other 
experiments, not discussed in this article, were conducted, we 
have never found a larva measuring in length more than 240 yn. 
This makes it highly improbable that, as reported by Stafford 
(1912), the larvae of V. mercenaria may grow up to 448.5 ym 

long. Furthermore, a comparison of the shapes and dimensions 

of the larvae of different sizes, which Stafford assumes to be 

V. mercenaria, with those of larvae grown from the eggs of adult 
clams made to spawn in our laboratory (Loosanoff and Davis, 1950) 
shows beyond all doubt that Stafford (1912) mistook the larvae 

of some other bivalves for those of V. mercenaria. 


Similar remarks may be made about the conclusions of Sulli- 
van (1948) that the'larvae of V. mercenaria may reach the size 
of 320 hw. However, in a recent letter to one of us Miss Sulli- 
van writes as follows: 


"Tt seems likely then that I have confused the larvae of 
P, morrhuana and V. mercenaria. This mistake is attributable 
to the fact that the newly settled spat of both types were very 
scarce in my collections. It was, furthermore, difficult to dis- 
tinguish between the two types of very young spat or to identify 
either type with certainty. 


"Tf it is the case then that my larva, P. morrhuana,is 
really V. mercenaria, it follows that the settling size of Venus 
larvae in Maipeque Bay corresponds reasonably well with that of 
Venus larvae in your cultures." 


Incidentally the disagreement between Sullivan and us on 
the general characteristics of the larvae of V. mercenaria ex- 
tends also to the color of the larvae. Sullivan (1948) considers 
the color as a distinctive feature which she uses for identifi- 
cation of larvae of lamellibranchs. Actually, as already mens 
tioned, we found that the color of larvae in any stage of devel- 
opment could be easily chanced by feeding the larvae different 
types of food. Therefore, in nature, where the predominating 
species of micro-plankton may change daily, correspondingly 
frequent changes in the color of the lervee may be expected. 


In concluding the article we would like to incorporate in 
it some of the observations which, we think, are of importance 
in studies of the growth and development of clam larvae. The 
first of these deals with the relative merits of detritus as 
food of larvae. As is generally known, during the past few 
years there has been a strong movement in biological circles to 
prove that detritus was the principal food of lamellibranchs 
(Coe, 1948). To determine the relative importance of detritus 
as food of larvae of V. mercenaria experiments were designed 
in which some cultures of larvae were fed Chlorella, others, 4 
mixture of Chlorella and sulfur bacteria, and still others were 
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given a large quantity of detritus of one or two types. Type 

1 consisted of detritus collected from the bottom of the large 
tank in which plankton was grown for eight months previous to 
collection of the sample. During that long period, of course, 
many generations of plankton died and fell on the bottom creat- 
ing a heavy layer of detritus which measured in excess of j-inch. 
This material was collected, filtered to remove large particles 
which could not be utilized by the larvae and then fed to the 
larval cultures. 


The second type of detritus was obtained during the low 
tidal stages from the bottom of the tidal pools formed on the 
tidal flats. This detritus was also filtered to remove the 
large particles, and then fed to the larvae. 


The results of these experiments showed that there was no 
evidence, whatsoever, to support the contention that the larvae 
of V. mercenaria would grow better on detritus than on living 
Chlorella, or on a mixture of living Chlorella and sulfur bac- 
teria. The cultures grown on detritus were always much inferior 
to those fed with Chlorella or its mixtures with bacteria. As 
a rule, detritus-fed cultures often died from starvation before 
the larvae reached the stage of metamorphosis. 


The second observation concerns the density of the larval 
population in the cultures. As already mentioned, our experi- 
ments usually began with approximately 50 eggs per cc. of water. 
This was a mach heavier concentration than practiced or advo- 
cated by other investigators who usually emphasized the danger 
of overcrowding the larvae. However, as a matter of fact, we 
succeeded in growing to metamorphosis cultures of V. mercenaria 
containing more than 100 larvae per cc. of water. Our concentra- 
tions, therefore, may appear to those workers to be unrealisti- 
cally dense. However, since cultures of these densities are 
carried at our laboratory to the stage of metamorphosis as a 
matter of routine, we think that in some instances the danger 
of overcrowding larvae of some species of lamellibranchs may 
not be as acute as believed. Apparently, in properly kept cul- 
tures a great majority of the larvae can survive such overcrowd- 
ing, display a normal rate of growth and reach the setting stage 
in the same time as larvae of much less populated cultures. 


CONCLUSIONS 


Our experiments have shown that larvae of V. mercenaria 
may be grown from eggs within a temperature range of 18.0 - 3 
30,0°C, *1.0°C, Within this range small variations in tempera- 
ture, such as one or two degrees, are not as important as it was 
thought previously. 


93 


r Ces. ‘aul, to. win ‘to ‘dud ind Le ef 
oy To modgod, 6x3) Moet bedaellod x, 
| «opi lie at nom tdgte, “Od awors 
yeartias | hoiset Reed; py op ttc, |g wee | 
BeOT 4 atten oid. mo. ILoh Pirie tb agiiian ts. to. 
f Yo saooxe at: Doswepeit donde EUs tayeb 10 Taye. 
biolduay. ental evorey of becad rit” ~bedoollog ean f 4 
ed? ot bed neadi signa gaveral ens yd: "pestttan xi ‘ou? DA 
oheturt 


wot odd aniawh Beniatde ear en 
ait’ no Sesiot efoog tnbis e¢) Yo mottot ad? mort set 
odd evolves oF Bonedllt ole cow audiadpd oii” oer 
soavrel, ott of Bed medi fuin (ahora 


$lAt0b te agyt ‘baonoel 
O 


a on saw wtedd dat? Bsivode etnominaqdxe eueds Ko si fener 
oe eevaal odd teds aolinetnoa ait troeque od tow amacnel 


my amivit ao madd euiitioh no t9t3ed wvotp pl wow alter? 
| -ond “ifitwe fue ellesoidy satvil Jo exutiln # fe Go: 
>. Naimeini dom eyawta siew eullateb fo nvo%Ks cortud Lie of 


ae BA. .WLtedosd ritw setuixty atl 26 ol Lenokdy, da ls fect 
erated noltevieds mosh both aedto seus ine Dol-outl<tebe 
. saleodanogedean La epetde of? Deceses eae 


4 iy mh 
- , Favetel ey Yo yiteneS end antoones acl iaviesdo Doooe8) Gime 
P., elteqxe wo ,benoliaen <Seoiwla eA‘ .xowrdiive ont a2 mee 


etednw. to 1.90 tom Susie OF viotantxonqqn Alive sexed ghia 
soviba 10 Senhvoaiy cada foltatinecnos tolveen homme 
7 anal ois Sesieedacie yilsveaw oiv etosentjseval tolls, 
Phot ~2082 to tedden 2 on, ,taveroi .osvipl and snk bing 


ea he aeuyitn dleodysomodam of salwoua: mi Be 
BO cre ry, no, stedow to .o0 ter oavael OOL aady edo te 


Nate ek baertin ou "¢3 esoutar aged at thogga Lae «910 LOT 
a eeldiznad ecois to aenviivoe eogte  kovawol, . ooamme 
ie @. UA ebgoduronoiam to evedie edd of Yuotarodal sto 9R bot 
Weennad ody seosnedaol emon al Jad) stot ew agar to te 

> eee eodeidlifenel in aslooge aoe) 3a. paviat o. brome 
eto dre tireqour at .vitaoteygd, seve sten bo bosom ae 
 Mewoteteve. coun ovivrve nao eartel, edd Bo eats OF ait sande bid 
enade gnitites ei) Sopet Sins away Aedes fenton « eRe 
Bi is etn lwo Hidefuyor cool dome te eavitnl an‘ ertha one 


Rien Bat iute mer OE UM OD 
i PT ? { cory Vite tI ue Bt di — 
“nbnag hal tO one t Jach3 eulend ay ac agnor rake Bs 


& ae Sig 6 B®; Nahr hed etude toned ts bys {BOSS AOS? m 
“ eitogerad GE doolinteay LLeta o ike Broan ha BA: 50Ouh ct a} 
ae al a) sisi BO AO OEE» ms 


Although it is clear that, in general, the rate of growth 
of larvae decreases with a decrease in the temperature of the 
surrounding water, nevertheless, it appears that a combination 
of several factors may be more important in determining the 
length of the larval period than considerable differences in 
temperature. For example, in one of our recent experiments the 
largest part of the eggs obtained from the spawning of adult 
clams was placed in an outdoor tank, while the smallest was 
cultured in the laboratory in a regular hatching crock, At 
the beginning of the experiment the temperature in the tank 
was about 19.0°C, After ten days, towards the end of the ex- 
periment, the temperature of the tank water showed a slow increase 
approaching approximately 22.0°C. by the 14th day. The tempera- 
ture of the laboratory hatching crock was, on the other hand, 
quite steadily maintained throughout the experiment near 24,0°C, 
Yet, regardless of the lower temperature in the tank, which, 
during the first ten days or so, was approximately 5.0° lower 
than that of the hatching crock, the larvae there began to set 
on the 14th day, while the first set in the culture crock was 
observed four days later. Cbviously regardless of the lower 
temperature in the tank the general combination of the factors 
there was more favorable for the growth of larvae than in the 
laboratory culture crock. 


SUMMARY 


1 - Larvae of V. mercenaria were grown to metamorphosis 
in four experiments at the constant temperatures of 30.0, 27.0, 
24.0, 21.0, 18.0°9°C. = 1.0°C. Observations on development of 
egEs a prowth of larvae were also performed at 55.0 and 15,0°, 
oe WAKO} e 


2-=- The size of the smallest larvae found was 86 x 64 y, 
and the largest, 256 x 228 hy. 


3 - Within the temperature range of 18.0 to 30.0°C, £ 1.00C. 
the rate of growth of larvae was generally, but not always, 
more rapid at high than at low temperatures. Small differences 
in the temperature, such as one or two degrees, or sometimes 
even more, were not as important in affecting the rate of growth 
as was previously thought. 


4 - At the temperature of 50.0°C, setting of larvae began 
in some experiments as early as the seventh day after fertili- 
zation. Setting of the entire larval population kept at this 
temperature was accomplished within five to seven days after 
its beginning. 


5 - At the temperature of 18.0°9C. the earliest beginning 
of setting was recorded 16 days after fertilization, and the 
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latest, 24 days after it. At other intermittent temperatures 
setting of larvae was within the bounds indicated by the two ex- 
tremes. 


6 - The length at which metamorphosis took place ranged 
from approximately 175 to 236 yi, occurring most commonly be- 
tween 200 and 210 ym. There was no indication that the larvae 
grown at lower temperatures were reaching larger size before 
Setting than those grown at higher temperatures, 


7 - Larvae which came from the same source and were kept 
under identical conditions showed great variation in the sizes. 
In some instances the length of the larvae in an old culture 
ranged from about 100 n to that of full grown larvae measuring 
in excess of 200 n. 


8 - The length-frequency distribution of larvae grown at 
the same temperature but in four different experiments showed 
considerable variations. These variations were found in the 
range of larval lengths and also in the lengths of the modal 
classes. 


9 - If, immediately after fertilization, the eggs of clams 
were placed in water of a termperaure of 15.0°C, = 1.0°9C., vir- 
tually none of them would undergo normal development resulting 
in the straight hinge stage. However, if the eggs were kept at 
room temperature for nine hears before teing subjected to the 
pore temperature, some of them would reach the straight hinge 
stage. 

“4 10 - Eggs placed soon after fertilization in water of 33.0°C, 
- 1.0°C, would show abnormal development and heavy mortality. 
However, if after fertilization the zygotes were kept at room 
temperature of about 22.0°C, for about two days and then trans- 
ferred to the higher temperature, a rapid normal development of 
larvae would follow resulting in heavy setting. 


11 - In general, the experiment showed that young cleavage 
stages of clam eggs occur within a narrower temperature range 
than the later stages. 


12 = The color should not be considered as a distinctive 
feature to be used in the identification of lamellibranch larvae 
because it easily changes depending on the color of the food 
organisms eaten by the larvae, 


15 - Auxiliary experiments showed no evidence whatsoever to 
support the contention that organic detritus is a better food 
for larvae than living phytoplankton, such as composed largely 
of Chlorella sp. Two types of detritus, one composed mostly of 
dying and decomposing plankton grown under laboratory conditions, 
and the other collected from the bottom of the tidal pools, were 
fed to the larvae, but caused their slow starvation and death. 
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14 - The degree of aeration was found to be unimportant in 
affecting the rate of survival and rate of growth of clam larvae, 
Clean, carefully attended cultures could be brought to the set- 
ting stage without continuous aeration. 


15 - Overcrowding of larval cultures of V. mercenaria is 
not too easily achieved. Our cultures, as a rule, contained 50 
larvae per cc. of water, and several cultures, in which the con- 
centration of larvae was more than 100 per cc. of water, were 
grown to metamorphosis. 
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